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MINING AND QUARRYING—L 

Qjr ChKwaa OiAOROva, F.C.& 

oatraxavnot or thb kobt nsKrui. Hiintiu.1. ntosccrk— 
VMxaax or bum ijio lodbs—ikbobtakob. or btvdt 
or oiou>aT. • 

To tha ialiabiiaiiiti of iha Britiah blaiuls f&en is no indiutty 
that irill oompan in importanoe wiVk that founded upon 
anbetanoea wUdb He below the entfaoe of- the ground. Two 
artialea—ooal md iron—form the rmj groundwork of out 
national proeperii^’, bat there are maa 7 oihers rriiich are olao 
worthy to be ranked ae of firot- , . 

olaas imiKntanoa. Cornwall aid — ' — " 

Beronahire aupply nearly all the 
tin ore taiaed in Europe. The 
nlatea of Korth Waloe hare a 
world-wide reputation. The aalt- 
niinea of Cheshire and Woroeeter- 
shire enjoy advantagea ovi* thdr 
Continental riralB in reapoet of 
their proximity to shipping porta, 
wMoh greatly add to their oom- 
meroial Talne. In the auooeeding 
papers, which purpose to include 
not merely the orea of the metala, 
but the other mineral subsianoes 
wfaioh are mode to contribute to maa’a comfort, it will become 
evident that these islands are, in proportion to their size, 
aingnlarly rich in these ortieleB. 

t^ie might indeed bei infant from the faot> that within the 
oompaxatively limited area td Ihe United iUhgdom itoost all 


Weak 



deeompoae on ezpoanre to tiie air, famish kaoline, of whidb the 
ibieat ohina ia made. 

Kow, if theoe various rocks were all to lie conformably ana 
upon another, as in the foregoing list, the country ^gould 
p w a a nt the .agpearanee of a plain, and the lower strata vrould 
be ao.fhr bdow the sntfiMe as to bo practioally unapproaohable. 
Thd temperaimof tiie earth inoreases at the rate of one degree 
Fahrenheit for abont every flfty-flve feet ia depth; so that the 
increase of heat will infallibly prevent men from ijrorking below 
a oertain depth; some of the tin mines in Cornwall ar^ indeed 
carried almost to tiieir extreme limit in this respect, the tem¬ 
perature beinjr so Idgh to tender 
tile mining operations very ex¬ 
haustive. 

Hie effect of the rise in tempe- 
ratore may be readily oalenlated. 
The fret 100 fbet from the surface 
are more or less subject to the 
ohanges of the seasons; but at 
about that point the temperature 
is uniform all the year ronnd, and 
agrees with the mean temperatura 
of the surface. Xet ns take that, 
therefore, at 50° Fahr. From that 
point downwards the rncrease ia 
1° for every 55 feet; so that at 
1,650 feet from this point, or' 1,750 feet from the surface, we 
shall have u^addition to the tmpmature of 30°, moMing the 
temnuj^SMfw that depth 80° SWbr. Hiia measurement beam 
proportim to the thiekness of the eedimentuy 
strata composing the o^t of the earth, which, if they ooontred 
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ffilorian. 


I ■' howar 
CsihonUarouB. 


Fig. 1. 


Eosk 



Coal UeaemeS. 


Permian. 


jibe important gooloeioal fosmatione, from tbe newest tertiary to 
the oldest primary sohists, are tepraeented, and that in many 
places these have been upturned and pierced by eruptire tooke. 
The undulating or hilly snrfhoe, by which thia country is dis¬ 
tinguished from many others, is the efieot of geologic diator- 
banoas which are highly benefimal to man. A level oonntiy ie 
seldom rich ia its tninetal produotionB. 

Let us take in order some of the pnrmpol groups of strata, 
eommenoing with the nesrset, and see w^t nstf nl aabatoaoea 
they oontais. 

’TuTrABna fBriok clsys, plpe-tisy, aeptaria or oament 
* ' ' ' I stones, sTpaam, coprdUte, send. 

C a a r t c a o uB .... Idxue, brick olsys, flints, lullat't earth. 

WsAUiiis.Sand for glass works; clays. 

Oolites .^ (iron ores, alum shales, Jet, cement stone, lime, 

liUB.I olsys, bnildlng stone. 

Trias • • • » . f 

Pbbkiab' ‘. '. sypstuo, htiok oleyB, building stone. 

CAnBonnnoDS I “»«•*«»«, flre-olay, odl ehales, Ume, simd- 
’ ( stone, niarblM, zinc, Imd, silver, baryta. 

Oavosus.Tin, coppsr, sulphar ores, flog stones. 

SlLtiEUor. Iiims, Isad, edpper. 

CunniAK.Slate, xlao, lead, copper. 

In addition to these there are the eruptive rooks, each aa granite 
^aad eerpentine, whioh famish excellent building and ornamental 
ettmes. Some paitionlar kinds of the former, which readily 

VOk. u,^ 
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in a ooinplote aeiiea, wonld, it is eetimated, exte^ to a depth of 
14 inilea, or 73,920 feek 

But thia regnlarity eoaredy ever happens, id |fatnxe; and 
there ia no ground for the assertion that in any one particidar 
spot all the known rooks are present, thongb of those which do 
oconz the order of enporposition is invariaole. The 'Wealdeu 
and Trias, for instanoe, may be wanting in one place, the Oeta- 
oeous rooks in another, or they nmy bp onl^ very slightly deve¬ 
loped; but Ihe Cretaoooua will never Im found b^w the Oolite, 
at the Silnriaa above the Carbontieroua. Tbe vaiionB npheavala 
and snbsidenoea which the crust of the earth has suffered, and 
whioh ace 'xepreeented by the hills and valleys, together with 
the anbsequent denudation of the nptnmed edges, afford the 
opportunity of seeing at the snrfaoo in different parts of the 
oountiry all the various. strata, down to the very lowest of the 
eerieB. Thus, for instanae,in the annexed diagram (Fig^l), which 
represents a section aoroea the Denbighshire coal-field, abont 
six miles in length, it will be seen that Wrexham stands npon 
the Permian rooks, that at ▲ the ooal beds crop ont at tho 
wnriaoe, while at b the miUstone grit, at o tbe mountain lime¬ 
stone, and at O the Silurian rooks are exposed. At A, there¬ 
fore,' tite miner oon raise his coals at or near the saxfaoe; and 
even at Wrexham, by a calculation of tho angle' 'at which the 
(Aol mhasnroB dip to tho eastward, he can estimate with toler¬ 
able aconraoy the depth to whioh Le wonld have to sink through 

27 
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THE TEOEQirXOAIi BDUOATOE. 


ilw Pemiaii rooln and the upper coal meaaatea, before reach* 
iof f|w game beda of eoala tm are fonud at A. 

Sw artiidea aa ooal, which al^aaTB he &i aaaata or beds 
' pandjlel.'to iba plane of stratiflaathm, oaa thliui be readily 
traced ihrerngh considerable tracts Of ooantry with a gvmter or 
less degree of oertainty. These oaLonlations are liable, however, 

to be disturbed hy fanlts, 
which are breaks in the oon- 
tinnity of the strata throngh 
some local distorbanoe, by 
which the seam may be sud¬ 
denly raised above or de¬ 
pressed below its proper 
level. These are not nnfee- 
quent, and often cause great 
trouble and expense to the 
proprietoTB of the ooUiery. 
Fig.^2 will serve as an illns- 
tralaon of a double one. X A 
and B B are Ibe lines of foult 
by which the continuity Of the 
seams of <ooal, e o and B J>, 
has been abmptly broken in 
two places. The displaced 
porMon in this instance is raised above its proper level, and this 
would therefore be termed an upcast fault. 'A displacement in 
the opxrasiio direetion would bo a downcast. Sometimes a fault 
ooeurs singly, whereas in other ^tricts a suocession of them, 
some np and some downeast, will be met with, breaking up the 
ooal bed to snoh an extent as to prevent its being profitably 
worked. The surfaoo ground-often furnishes, aa in the drawing, 
little indioation of the faulty oharaoter of the rock below, the 
portion which has been thrown up being more liable to denu¬ 
dation than the surrounding oountry; and in like manner the 
depression in the caso of a downcast fault is apt to get filled up. 

The ores of the metals, iron exooptod, arc not generally to 'bo 
found in bods oonformable to the stratification, but in what ore 
termed lodes or veins. The fprmor torm is moro commonly 
applied to the larger, and the latter 1» the smaller. A lode may 
be described os a long, narrow oleft^xtending ^ough the rock 
from the snrfaoe downwards, in genoral at on angle not very 
far from the porpeudioular, and usually taking a oourso some¬ 
where near east and west. These are frequently intersoctod 
by others running nearly north and south, cutting the former, 
therefore, at about a right angle, which are termed cross courses; 
they ore seldom so tioh in mineral as the east and west lodes. 

Just as in the faults which ocour in the coal-fields, the lode 
is often acoomponiod by a ohango in the level of the rock 
throngh which it passes. Thus in the diagram (Fig. 3) the 
stratifloation on tho sido b will bo soon to lie lower than that p.t 
A, and the fissuio cs not being straight the lode is neons- 
sarily .of very unequal breadth, tho curves of the walls of tho 
lode oorrespouding pretty, closely, though thrown out of position. 
This is by no means an unusual oconrrenoe, and it aooonnts for 
the great changes which frequently take place in the size of 
lodes in mines. The form of the fissure often greatly affects 
also tho mineral contents. In mining language, the rock on the 
mde A would be celled the standing wall, that at b tho 
hanffing wall of the Ipde. 

The formation of the fissures in which the ore is deposited 
seems to be generally due to diatorbanoes in tho earth’s crust, 
Caused by the extrusion of some igneons rooks from below; tho 
majority of sneh lodes being in the neighbourhood of masses of 
granite or other emptivo rocks, or where tho sodimentory 
deposits have been much metamorphosed by subterronoan heat. 
The proooBSOB in Nature’s laboratory that }»vo caused tho clefts 
so mode to be filled with mineral mattOT cannot bo satisfac¬ 
torily made out, as a similar result cannot be produced by arti¬ 
ficial means, igneons rocks thomsolves do not contain the 
metal, though the riohost mines in Fnglond ore those situated at 
'the -rerf Junotiou of the granite with day dates of Cornwall. 

Slate and bnilding stone genorally oooor in mnoh greater 
masses than either ooal or tlm ores of the metals, and they are 
on that account rather quarried than mined, the workings 
being usually open to tiie light of day. Such slate, however, 

- as is Buffioiontly good in qnaliiy for tho purposes of trade does 
run in veins, and some of these lie at such an inclination, dnd 
penetrate so for into tiie bowels of tho mountain, that open 



workingB beoome impossible, and then the operations rnsmble 
mnoh more those of the minss. 

The valtw of data is dne be a pebnlWity in oertain iff ih» 
older rooks(~-and espeoially itiHiUgiBaaaons bj^ of the Cam- 
bcian setieS^whioh is termed cleavage. ^ <nwr to ooplain thia 
novd feature let us take Fig. 4, which may be supposed to 
represent a gigantic blook ont out of the monntahi mass. The 
parallel lines A A, B B, c o, etc., will represent the stratifioation 
of the beds, a feature oommou to every sedimentary rook; but 
in addition to these we find here another regular series of 
divisions cutting them at a conddetable angle, represoatod by 
the linos D D d, b b, eto., which represent the plane of cleavage. 
It is not merely at the intervals indicated in the drawing that 
the rook is thus affected, but the whole mass is liable at auy 
point to split in a plane patallol to the cleavage, so that it oon 
be divided into slabs of any desired thiokness. It is remark¬ 
able, too, that the angle of deawage remains oonstant through 
oxtenaive distriota, although the strata within the same range 
may be subject to great oontortious. The cause of this ohange 
in the aggregation of the partioles of whioh the rock is com¬ 
posed is<.veiy obscure, though it seems most probable that it 
may be dne 'to beat or pressure, or both combined, e^cially as. 
in many cases almost all txaoea of tite origual stratifioatien have 
been lost. 

In the oonrse of the snooeoding artioles, these geologiool 
•features, whioh so greatly affect the operations of the miner or 
quarrymaa, will have to bo tieated in more detail. But before 
closing these general remarks it may bo well to point out more 
fully how important is a knowledge of tho rudiments of geology, 
as well as mineralogy, to all those who seek for wealth below 
toe surface of toe ground. 'Were tho authenticated instauees, 
nnfortunatoly, not too common, it would scarcely bo bdievod 
what fortunes have been wasted in a fruitless search after 
minoTals in places whore it is impossible they could be found. 

Beating in mind tho order of succoBsion of tho sedimentary 
rooks, wo may illastrate this point by referring again to Fig. 1. 
The beds of coal in tho Denbighshire coal-field lie in that port of 
tho coal measnroB whioh is shaded tho darkest, and they crop 
out at the surface at tlio part marked with the letter A. The 
dip is seen by tho section to be towards toe oast. A oompara- 
tivoly shallow pit will cut the ooal anywhere between A and 
Wrexham, thongh at toe latter point too Fcrmian rook wouldfirst. 



have to be passed throngh. But if another adventurer were to 
sink a pit at any equal cQstauoe to the west of A —say at eitoor 
B, 0 , or B, ifi is perfectly oertain he would meet with no ooal at 
all, however deep he might carry his explorations. Ho has 
begun at a x>oint geologically below toe ooal, and every fathom 
ho sinks is just so mnoh‘fnrther from tlio object of his search. 

Some of toe more recent strata contain thin layers of an 
impure ooal, rarely in this country of any oommeroial value. 
Those have often led to the sinking of pits^ under tho supposi¬ 
tion that the true ooal would be found, though a study of 
the dip of the neighbouring strata would show that toe Car¬ 
boniferous rooks must be so far below the surface as to be 
praotiaally unapproachable. Thus there are borings for ooal 
and deserted shtjts to be found in many parts of toe country; 
at Wincanton and Kingsthorp in toe oolite, at Lyme Begis in 
tho lias; at Tiverton in the millstone grit, and in nerefordahire 
in toe mountain limestone; both rooks belonging to toe Car¬ 
boniferous system, but invaxiab!^ bolow toe ooal, aa soon at b an4 
0 in Fig. 1. At severah rqiots in Wales these attempts have 
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bMamtointhe Sikud^ »(^ 

nnkia 11ia> Berosiuir wjdoh iittlio lowac ia ilie Mri^ 

JTor in it in re^ieob of ootd aJoiie. that 8Q«fh s^iakea have 
oooorred. Ia Cotaw^ toaio of the most Talaable oroa of 
copper used fonnetly to beilhiowa away ae nbbiah, tiio inferior 
oroa oaly.being reoof^iaed by the rainer. Ia ot^ parta of 
the oonntry zino-bleBde baa been wrought, while ihe oalamiae, 
a very rich ore, hai beea entirely neglected. Iron pyrites has 
often been Ttiiataleea for gold. Thus, in one way or another, 

. Tahiable prodooe has hem lost, or money has been wasted in 
£cnitleBS-explaxatioais r 

. In oonBidering the uineraJ {orodnota, and the metboda of 
treating them, more in detail in the aabaeqnent ertaclea, it wQl 
often become evident how greatly them Vtdoe baa inereaaed 
throng]^ improTemente in the misiag and metallnrgie arts, and 
that a^y have been added to the list of voliuiiblo miaenla, the 
worth of wl^ph was nnknown'befoie. 


OBJECT DRAWING.—I. 

httboductiost. 

la presenting theae leaaona to the public. It ia neceasary to 
define their position in our series of Technical Lessons, and ^ 
set forth the purpose they are intended to accomplish. 

The oonxse, then, is designed-'to teach the elements of draw¬ 
ing aa a useful language, to elucidate prisoiplee which are of 
such general use that by tboir application the student may be 
enabled to draw, not only the aubject of the lesson, but numerous 
others of a similar oharacter. 

A further purpose of the lessons is to enoourage drawing 
from the object instead of from copies. We ore, of course, 
aware that beginners must ni-':essari]y copy drawings or prints; 
that copying is an indispensahlo branch of the study, aa by its 
moona practice is obtained in execution and design; and that 
from ii^lating the work of others, the student acquires expo- 
rionoo in drawing and manipulation. 

But these are only the means—not the result. When wo 
teach our children common writing, and expect them to imitate 
tho exact forms of the letters, it is never intended that the end 
and aim of their lessons shall be merely to copy other writing. 
Wo aim at giving them a knowledge of forms, by which words, 
tho visible symbols of thouglits, may bo expressed; and thus it 
will be clear that no system can be a true one which teaches 
copying only, without affording tho necessary practice in draw¬ 
ing from the real subjoots. 

This course of obje^ drawing must not, however, be supposed 
to compete with, or to take tho place of, perspective proper. 
It ia intended to bo studied either before, or ooncnrrontly with, 
that subject, and it is believed that tho system here laid down 
may interest students in the more sevoro course—tiiat it may 
cau.se them to feel the want of aocurate rules, in many instances 
where drawing by tho eye must depend on judgment only; whilst 
.the endless variety which object drawing ^ords must be a 
source of continuous pleasure to all. 

To thoso who have already acquired some knowledge of 
Praotical Perspective, tho study of Objeet Drawing will be found 
exceedingly useful, since by its means tho sciqntifio methods 
previously acquirod may be applied, and they, will be able in a 
bold and rapid manner to give oorroot representations of things 
around them, in tho same manner that a knowledge of.t^o 
rules of grammar enables them to give a well-worded written 
description. 

In order to mako the oonrse of lessons as complete in itself 
as possible, enough of the geometrical fi gores ard given to 
enable students to construct tho true forms with oorrectnoss ; 
some of the elementary rules of perspective are also Repeated 
in order to show their immediate application, and to explain 
how the appeoranoe of objects becomes changed by their 
pomtion in relation to the spectator. Pwfection, then, in 
object drawing can only oome Bx>m careful training in Geo¬ 
metry and Perspeotivo; and_ any teaching whiiA separates it 
from these, or implies that it is independent of them, is em¬ 
pirical. For the further working out of the rules thus briefly 
given the student is referred to the lessons ou Perspective, 

In order to enable teachers to oarry out tho system here laid 
idown, a set of models has been speeially arranged. They are 
designed not only to serve for sopite Btodiee, hut may be 


oombiaed and groiqwd in on tlmoit endless nuumei', whilst 
their size is su^ as to render them neefnl in eloasee, enshling 
each student to nuke hie obeemtions as to form, and 
shade from his own point of view.* 

Teachers are recommended to work out a simple penq>eotive 
rendering of a model or group on the bkok-board; and in a 
anbeequont lesson to set up the subject in a different position, 
to be drawn by the eye alone. This plan, sinoe it a^ws the 
students the absolute importanoe of perspective, will inoroaee 
the interest and enhance toe vakie of suefa lessons. 

The use of models may be further extended by«the constant 
introduction of well-known objects, such os articles of honstoold 
furniture, or domostio utensils, agricultural implements, and 
tools of every kind as subjecto of study. Subsequently the 
pupils should be called upon to draw from memory, not only 
thb subjects of recent lessons, but any they may have seen, 
nth autoor has been enabled, in foot, by teaching the proper 
nee of drawing, in even junior riasscB, to write a brief nanathre 
on too black-board, and placing a dash under the leading nouns, 
to call on the pupils -to draw them from memory—or, more 
properly, from imagination—and has found the plan so very 
suacessf^ that he advises teachers, with the greatest confidence, 
to adapt it, as not only is the knowledge possessed by the 
pupils drawn out, but habits of observation and study are 
onltivatod and encouraged. 

With the viow of aiding students who nmy not hove toe use 
of sets of models, or who may not have the opportunity of 
making them of wood, patterns will bo given frpm which 
too most important of the series may bo mode of oardhoord. 
This in itself will bo found good practice in the study of 
development. 

Thus, then, we are enabled to add another contribution to our 
series of Technical lessons. Our oomest endeavour has been to 
make the iustruotion fioax and simple, and in proportion to the 
success attained will bo our gratification. 

OF TBS mUKCI3B.ES WHICH CtHHE HBAWIMa FB03t 
’ OBJECTS. 

Although wo know that an object has in reality but one 
form, yot it will not seem the sumo to persons standing in 
different places, but its outline will vary with every move» 
ment of the beholder. This is callod its "perspective ap¬ 
pearance,” and as this is subject to constant ch^ges, it ia 
clear that, iu addition to knowing too exact form, we must study 
the oansos of toe alterations in api3camn(« resulting from the 
different positions of the object, or from the relative phuso of 
toe spectator. 

It is not' intended hero to harden tho mind of too student 
with a number of rules, such being fully elucidated iu our “ Les¬ 
sons on Perspeotivo;" and therefore only such aa are absolutely 
necessary to oiable toe boginiior to sketch from simple objects 
iu a ooirroct manner will bo given. 

Wo have, in our first lesson on Perspective, stated that “ tho 
moment wo open our eyes a flood of light outers, and tho rays 
which pass from toe surfaces of every object ore thus conveyed 
by the eye to tlie brain.” 

Sinoe, then, we sec objects by means of light, it wUl be clear 
that if the rays did not proceed from evoiy port of such sur¬ 
faces, we sliuttld SCO some jKirtiouB and mat others; and lurther, 
if too rays were not reflected in every dkection, too object would 
bo visible to some, but not to aU the persons present. 

Now it is evident that if a cube wore placed in tho middle 
of a room, and tho studosits wore seated around, all would see 
it; each might behold difforent sides, but every one would obtain 
some -view of the object. Again, if students were located in a 
gallery formed after the fashion of a flight of steps, and a cube 
Were suspended midway between the ceiling and too floor, tliosp 
on tho lower steps wovdd see the bottom of toe object, those on 
tho middle steps toe front only, whilst too spectators ou the 
highest seats would see the top. 

From this knowledge, then, which wfil be clear to aU, wo 
deduce the following principles:— 

1. Olyects are seen by means oj rays 3j light which proceed in 
straight lines, ia every direction, and from every part of (heir 
visible ^rfaces. 

* " Ellis A. Davidson’s Teclmioal Drawing Uodels,*’ CossoU, Pstter, 
and Galpia. 
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2. The view ohiained of cm object depend* m the poeitwn of a 
epectetar. 

Jt iho eye be above the object, the top will be seen; if below, 
the bottom ; whilat the loft or ricrht. aide will beooine visiUe 
aooordinir to otronmetanoea. 

Hie flint eonsidention mnst be the height of the spectator in 
rdation to the object. Let the atndent, then, ask hhnaelf, “ Is 
my eye higher or lower than the object P " This wUl, of oonrso, 
be at onoe evident. He shonld 
then oonaider, “If my eye ts 
higher than the object, howtnueh 
higher is itP” and this will lead 
ns to the following principle 

The horwonidl Um represents 
the level the ege of the epee- 
tator ^ relation to the olgeet. 

Hwefore, if an obj^ bo 
placed above the horiaontal lino, 
we see the bottom, and if above, 
the top of it; and the view will 
vary according to the height of 
the eye. 

Bvt the knowledge as to height 
will not in itself be sufficient; 

we mnst be dear as to whether we see the left or right aide; 
and this brings ns to the consideration of the point of sight. 

The point ^ eight, or centre of vision, is the point in the hori- 
Kontal Une which is directly opposite to the eye cf the spectator. 

We now proceed to show the nse of these prindples, at the 
same time urging the student not to be content with the illna- 
trations here given, but to observe their application to all the 
objects by which he is surrounded. 

Let the rectangle A b c d (Fig. 1) represent the general form 
of the fr<mt of a case of shelves, and let B r be the horiaontal 
line. It will then be clear that the object to be represented is 
twice as high as the eye of the spectator, since the horixontal 
is drawn across the middle of the height. 

The spectator is supposed to be situated on the right side of 


: 0 a and d h are to be drawn; and it win be evident that the 
I narrow ends of Ihe’ shelves, 1 y, K ii, x R, o F, being in the 
; object paralld to the narrow end of the tbp and bottom, will 
' converge to the point of sight. 

Now, on referring to the illustration, it will be seen that 
whilst the lines representing the ends of the shelveB which are 
below the horisontd line—vis., X R and o P—ore drawn np> 
wards to the point of sight, those which ore above (X j, x i>) 

are drawn downwards; thus we 
see the upper snrfooe of those 
below, and the underneath snr> 
face od those above; and ot the 
shelf which is on a level with 
the horiaontal lins—^vis., Q B— 
we see tiie edge oidy 9 neither 
the upper nor the nnder side 
bein|r viidble. 

Fig. 2 shows the same object 
when placed on the ri^t si^ of 
the spectator, the front of the 
case being at right angles to 
the plane of the picture. 

Let ns now proceed to the 
praotioal implication of the pi&* 
We will, in the find case, suppose you 


ciples thus far laid down, 
sitting at a table, (he edge of which is parallel to your chest. 
Let the figure here drawn (Fig. 8) represent the top of the 
table, and let your i>OBitiou be at a. Now on the opposite side 
of the table are thm equal blocks which are square at their 
ends, and donbly as long as they are thick. 

The artisans to whom these lessons are inincipally addressed 
will have no difficulty in providing themselves with three anch 
blocks, which may be of wood, stone, or plaster of Paris, etc. 
A very convenient size is four inches square by eight inches 
long; but, of course, the principles about to bo explained wonld 
apply to objects of any size or proportions: for drawing pur* 
poses, however, the blocks should not bo smaller than these. 

Place a model (1, in Fig. 3) on one of its long faces, with its 




the object, opposite to fs, which indicates the point of eight. 
It vrill be evident, that whilst the horizontal edges of the 
case, A X> and b o, which form the top and bottom of the 
front, and also those corresponding with them at the book, are 
parallel to the picture, the lines of the other edges are at right 
angles to A n and B C, and consequently at right angles also to 
the piotnre. To render these correctly, it is required to under* 
stand the following rule ;— 

All lines which in the object are at right angles to the plane 
of the picbure~that is, such as run directly from the spectator 
to the distance—mnst be drawn to the point of sight. 

This rule will at onoe ^yo the direction in which the lines 


square end parallel to the edge of the table, n c. All its long 
edges, as a d and b c, will then recede at right angles to the 
square end which stands on a b. Place another blook (2) oo that 
whilat resting npon one of its long sides, another is vertical, 
and parallel to b o; and, finally, place the tiiird block (3) on ite 
end, so that the long face in the fronl^ and the other at the 
back, may be upright, and parallel to b c. You will, of coarse, 
remember that the reotangles 1, 2, 3 in Fig. 8 are called the 
ploms of the objects. 

We will in our next lesson attempt, gnidod by the above 
figure, to draw tboso mij^elB, as they appear to yon from tUw 
position in which you axe placed. 





BUILDING OONBTEUC3TION. 


BUILDING CONSTEUCTIQN.—XIV, 

' JOINTS IS TTUBBS (continiMd). 

!Pio. 125 ahowB another method hj which timbers are “notched ’’ 
on to each other. This is a very good system, for the npper holds 
as it were by a hook, which acts agairat a shoaldm in the 
lower. The upper is thus prerented being drawn inward by 
weight placed upon it, and the lower is strengthened against 
any pressure which might tend to force it outw^. ' 

Fig. 126 is a jednt of a similar character, a dovetail being 
employed in tMs case, which in Fig. 127 is further secure^ by 
an additional shoulder. 

Figs. 128 and 129 are methods by which the ends of timbers 
are &mly attached to beams or waU-plates on which they rest. 


THB CONSTSPCTION OF FLOOBB. 

The assemblage of timbers which floors are supported it 
called the “naked flooring,'* and ia of three'sorts—single, 
double, and firamod. 

Single Flooring consists of one row or tier of joists, bearing 
from one wall or partition to another without any additional 
support. On these rests the flooring boards,’ and to their lower 
edge is attached the ceiling of the room below (if there be any), 
ei^r by means of laths or ceiling-joists.* These floor-joists 
rest upon a wall-plate built into the wall; the briolcwork of the 
wall should not quite touch the end of the joist, but should leave a 
small space all around the end; this prevents any damp in the wall 
from spreading into the timber, and allows of a certain play of 
air around it. In better work, however, the ends of the joists 



The upper surfaces are shown as out i:or the reception of an 
upper timber to further bind them together. 

Fig. 130 is the Continental mode of constructing framed floor¬ 
ing, and is here introduced in order to compare it with our 
system, which is explained and illustrated on the following 
page. Here A. ia the girder, B B -^e bridging-joists, and c the 
floor-joists. 

In this example it will be seen that the oeOing-joiat, O, 
is not notched on the under surface of - the binders, but is 
inserted by a tenon and groove. The groove or slot being 
made longer than required, the ceilings joist is placed slantingly 
across between two binders, its ends being in the opposite en^ 
of the grooves; and by b^g struck sharply and sufficiently 
with the mallet it is forced into its proper direction at right 
angles to the binding-joists. 

Figs. 131 and 132 show four different kinds of oblique 
, mortises. Tho principles on which such joints are worked have 
slroady been described. a 


are gathered by wooden end-ties and icon tie-rods. These are 
drawn up by nuts, tho^joists being meanwhile shored up in tho 
middle, so that when this support is removed the joists may bo 
stiffly braced. Another plem is to rest the wall-plate on project¬ 
ing corbels, by which means the ends of the Joists do n^ enter 
the walls at all; and thus any fracture, such as might arise 
from shaking, crowding, dancing, etc., is avoided. The u^l- 
platos for l^oment-floora are best supported on short piers 
carried up from the footings. Joists in single floors should 
never be less than two inches, nor even as small as that where 
it can be avoided; and they should not be farther apart than 
twelve inches from centre to centre. They may bo strengthened 
by inoroosing their depth (which should not bo less than nine 
inches), and may be prevented from twisting by putting a 
herring-bone truss between them (Fig. 133). This consists of 


* • CsAiog-joiats am timbers of small seantiing notched on to the 
lower edges of the Joists, and to these the laths ate attached. 
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pifloea oi batten an Ipoh and a half thlbk and three isohea 
-wldfl, or thereabonta, placed diagonally between ilie joiata, to 
wbidh they are*nailed in the diagonal form ahown. They shonld 
be ranged in a right line, ao that none of their atrengtU may be' 
loat, and idieae ranges ehonld be repeated at intervala not ox- 
oeeditt^ fire or six feet. This atmttiog shonld be done to aiagle 
flooring nnder any oironmstaaoes, as it adds materially to its 
flrmness, and indeed to its strmgth, by making &e joists 
transmit any stress or presanre from one to another. 

' The strength of single flooring is materially affected by the 
neOessity which constantly oocnrs in practioe of "trimming” 
around flre-idacea and vaedities. Trimming is the mode of 
anpporting the end of a joist by tenoning it into a piece of 
timber running at right angles to it, instead of running it on 
into the wall which supporte the ends of tbo other joists; and 
by this means the plaoing of timber under hoartb-stones is 
avoided. 

Fig. 134 ehows the sectional elevation of this arrangement. 
The crosB-x>ieoe a, called the trimming-joist, is united at both 
ends to the joists running the entiro length 
or breadth ai the floor by moans of strong 
tenons; and these joists, having to bear the 
weight of several wMoh mn into the trim¬ 
ming-joist, should be made stontor than the 
others; and a brick arch, B, called the irm- 
tning-areh, shonld bo thrown across friim 
the wall to the trimming-joist, on which 
the hearth-stone o may rest. 

Fig. 186 shows the mode of 
preventing sound passing through 
floors. INairow fillets, a a, are 


be unduly weaken^ by being mortised on both rides at the 
same ploM. 

The floor-boards are nailed either at one or both edges. The 
longitudinal jrinta, oir those in the dixeotimi of the flbrek, are 
either bepasre (Fig. 137), ploughed and tdngned (Fig. 186), or 
rebated andfloppcd over tmh-^er (Fig. 139). 

Flon^ed and'tongued and rebated joints msy be used where 
the apartment is' required to be air-tight, ths h eadi ng joints 
beitil; eitiier square or ploughed and tongued. Sometimes, in. 
stood of a tongue extending all tiie len^, separate piu are 
used, (riQed dowels, which mn into holes in tiie next boar^ In 
square longitadinsl-jointed floors it is neoessory to Itaii tbe 
boards on both edges; bnt where the boards ace dowollod, 
ploughed and tongued, or rebated, one edge only need be nailed, 
08 the tongue or lapping is suflicient to keep tho other ^wu. 

In the most common kinds of flooring tho boards are folded 
together in the following manner:—Supposing one board already 
laid and fastened, a fonrth, fifth, sixth, or other board is also 
laid and fastened, at such a distahoe as to admit of two, three, 
four, five, or more boards between the two, 
but which can only be inserted by force, as 
tho breadth of the opening must be barely 
that of the aggregate width of tho boards, 
in order that the joints may bo close when 
they ore all brought down to their pianos. 
For this purpose, a plank (Fig. 140) may be 
thrown across the separate boards laid, which 
may be forced down by two or 
more men jumping upon it. 
This done, all tbe intermediate 
boards may be nailed down, and 
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nailed to the floor-joists, 
and on 'these boards called 
sonnd-boards, 6 6 6, are fixedi 
“ pugging,” which is aooarse 
sort of mortar, eto., is then 
filled in as at p. 

Dovhls Flooring, a seotion 
of which is shown in Fig. 

136, consists of throo dis- 
tinot series of timbers—^viz., 
tbo binding, b, bridging (or 
floor), BB, and oeiUng-joists, 

0. in this system tlM jhincters are the real supports of the floor; 
they mn from wall ‘to wall, and ouny the bridging-joists above, 
and the ceiling-joists, o, below. Fibers need n(^ bo less and 
should not bs mot». thw six fept 'iq>art. ,,,The .hridging-joists 
am notched obwn on to the' btiiders in mariner shown in 
Fig. 1121 but .ill notriring the ceiling-joists to the lower edge 
of the binder tiie 'whole notch must be < 1^60 out of the ceiling- 
j<nst, as 'the lower part of tiie binder must not in any way bo 
wounded or weakened. The details, as already given in relation 
to single floors ate, of oonrse, eqneilly applicable to the system 
hem described. * 

Frwned-Flooring, a section of which has already been shown 
(Fig, 117), is mmposed of girders (o), bridging joists (n), floor- 
joistsi and ceiling-joists. 

pirders are luge beams, either formed of one piooo or bnilt 
W,’Beooiding to ihe length required and the size and strength 
of‘wfiiibb timber can be prooored. They am intended for longer 
besrfrigs than binders, and may be strengthened by tmssing, as 
slready riiown in Figs. 100,101,103, and 104. To ho efiioient, 
tits hrig^t of 'the truss should always bo groatu than the girder 
itself, rind the strength is ineresried by extending that height as 
the space to bearing inoroases. 

" Finders ribs piade dependent upon the girders by means of 
double tusk tSnons.' '!niis mode of joiniug has already been 
illustrated in F^. 117. 

It must be observed that the binders should not be mortised 
the girders oppostte to each other, sinoe the girder would 
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the operation is to bo re¬ 
peated nntil the whole is 
oomplete. In this system, 
whi^ is called “ folded floor¬ 
ing,” less than font boards 
are seldom laid together. 
No attention is paid to the 
heading joints, and some¬ 
times three or four such 
meet in one oontinood lino. 

In dowellod floors, tbe dis¬ 
tances to which the dowola 
(or projecting pins) ore set ore from six to eight inohes, generally 
one over each joist and one over oaoh interspace. No heading 
joint of two boards ought to bo so dispos^ as to moot tho 
heading joints of two other boards, and thereby form a straight 
line eqnal to tbe breadth of two boards. 

Laying down the floor-boards is usually olas^ nnder joinery, 
bat it is found mom oonvonient to treat of this brondh in the 
present seotion, in oemneotion with the oonstruotion of the floors 
themselves. _ 


AGRICITLTXJKAL CHEMISTRT.~VII. 

BY CKABI.I8 A. CAHBBOB, PB.D., XJ3., 

Professor of Hyriene in the Boyal College of Burgeona, Ireland, eto. 

CHAP. VII.~OH MANUBING ATTD HATHBAI, MAHUBBS. 
As stated in a previous chapter, it is praotioally impossible to 
mdnoe, by any ^stem of tillage, fertUe laiid Into a state of 
barrenness. The food of plants is so abundant in soO and sir, 
that it is beyond the power of man to diminish its amoimt, 
except to a trifling extent. In order, however, to m^tain the 
sofl (it its highest degree of prodaotivenesB, the elements ex- 
traotra from it in the form of crops must bo in great part 
restored In the' form of manure. A natursUy good soil, care¬ 
fully tilled but unmannred, will yield average fair crops for 
many years; bnt good land, which is both proper^ tilM and 
abundutly supplied 'with monnre, alone yields marlmtHin 
returns for the Ubour andinatorials expended upon It. 
















AaEIOULTUBAL OHBMIOTEy. 


Xiw laborions and long>oo&tiaiied axperknenfa of MeBwa. 
Lawm and Qilbeit. hara giTsu reanlta whioh prove that in 
vcbeat land of avera^te the apidioation of trioaloio or 

motiooaloio' phoaphate (bona phosphate and aolnble phosphate 
of lime) frequently. piodaoea little, if aaqy, effeot upon the 
growth of wheat. .!Ehat ‘plant poaeeaees an extenaive root- 
absorbing surface, and throws oat its rootlets to a oonsiderablo 
distance from its stem. It also, when sown in autumn, is 
enabled to ooUeot mineral matter from the soil during the 
winter and early spring. On the other hand, barley, which is 
sown in the spring, has less time to draw upon the resou/ces 
of the sdl, and therefore it is far more likely to be benefited 
by the direct application of manures containing phosphates. 
]foth wheat and barley, luid the cereals generally, appear to 
be much more influenced in their growth by the application of 
ammomaoal manures, than by that of phosphatio or alkaline 
compounds. Potassio silicate, believed at one time to be an 
oxoellent application to the cereals, on acoonnt of the largo 
amount of silica or flint they contain, has been proved to have 
no effect whatever in strengthening the stems of those plants. 
The cereals, if well supplied with nitrogenous fertilisers, may bo 
grown mote frequently in the rotation than is usually the case; 
indeed, they may be produced year after year without the 
interposition of other crops, but for the difficulty of keeping 
the fields free from weeds. 

Most leguminous plants—vetches, clovers, etc.—do not seem 
to bo much benefited, as a general rule, by the application of 
ammoniacal manures. Potassium salts are, on the other hand, 
almost certain to stimulate the growth of these crops. The 
largo leaf-surface of all the members of the Loguminosm enables 
them to extract abundance of oombiuod nitrogen from the 
atmosphere, and hciioe the amount of ammonia in the soil 
-often increases, instead of decreasing, during the growth of 
•elovers and allied plants. In the rotation whopt should always 
succeed clover, because the latter crop will provide the former 
■with nitrogenous matter, which is so indispensable to the 
luxuriant development of the ooreala. 

Bulky organic manures (farm-yard manures, decomposing 
straw, and similar matters), and the manufaotnred fertiliser 
known ander the term superphosphate of lime, produce 
marked effects ui>^n root-crops—turnips, mangolds, etc. The 
natural grasses grow luxuriantly if supplied with niirogonous 
manures, and they are not to ai^ important extent dependent 
upon the use of bulky natural manures. Sodio m train gene¬ 
rally produces a powerful stim^tive action upon the grasses. 
Potatoes appear to be far more benefited by the application of 
jiotassium salts (kainit, “ mnriate of potash," and kelp) than 
by that of ammoniacal salts. In many coses the nitrogen of 
sodio nitrate (nitrate of soda) is more effective when applied 
to potatoes than the nitrogen of ammonia. 

The manures used in this oonntry ore very numerous, and 
arc derived from the three kingdoms of Nature. Wo cannot 
refer to ull that are in nso, for our space will only permit us to 
describe the more important ones. 

* Farm-yard manure is the staple fertOisor of tiie British 
farmer, and in general all others are more or less snpplemontal. 
It is composed of the Uqaid and solid excreta of voriona animals 
oommingled with straw ; bnbit occasionally inolndea ashes, tui^, 
mould, leaves, and all kinds of house rubbish of on organic origin. 
Its composition varies very much, and depends to a great 
extent upon the care with which it is preserved. Some years 
ago we made fonr analyses of farm-yard mannxes, wid the 
following were the results at which we arrived:— 


Water. 

Ko. 1. 

Ko. 2. 

Ko.3. 

Kc.4. 

73-22 

64-12 

65-22 

69-14 

Orgaaia matter. 

8i-X7 

26-28 

28-14 

84-21 

Containin; ftxnzoonia tree, iu com- ] 
Isinatioii witb (^oidip and latc&t j 

[ (0-150) 

(0-784) 

(0-550) 

(0-618) 

Trionloio phosphate. 

1-73 

1-75 

1-88 

1-64 

f AlkaHne salts. 

1-30 

1-00 

1-86 

0-94 

Calcium and maspnesiea oompounfla 

1-38 

1-82 

1-24 

2-12 

BiUoa, oxide oi inm, eta .... 

1-20 

1-94 

1-66 

1-95 


100-00 100-00 100-00 100-00 

Ko. 1 was oompessd chiefly of the solid exocetiou of the horse 
and oow, the liquid excreta ^ving been allowed to drain away, 
and most of the aolnble portion of the mamire having beCT 
• wodied out by rain. Eos. 2 and Sjnso oqmpased the solid 
and liquid exoremont of horses and 6am, and os they had been 


properly preserved, the amount of ommoma was high. Ko. 4 
oontsined some pig manure in addition to that derived from 
horses and oxen. It wss carefully preserved under cover, and 
its proportion of ammonia was also large. 

Tbs oomposition of the excreta of the farm auimals is shown 
in the following tables ;— 

COUPOSXTION or THE SOLID EXCBETA 01- THE AHXXALB. OV 
THE FABU. ' 

1,000 ports eontain— Hone. Cow, Sheep, fto. 

Water. 760 860 (HO TOO” 

Solid nutters.280 160 360 220 

Containing nitrogoD equal to ammonia. 6 3'S 6 7 

,, phoipkorio acid equal to 

phosphate of lime ... 8 8 5 5 

Alkaline salts. 3-5 2‘30 3 6-6 

COUFOSmOH (FEB 1,000 PABTs) .IQDID EXCBETA 

OF THE FABH AHIUALS. 



Horse. 

Cow. 

Sheep. 

Pig. 

Water... . 

. 9U0 

620 

900 

975 

Solid matter. 

. 100 

80 

100 

25 

Coutoluing nitrogen equal to ammonia 

. 14 

9 

14 

3 

,, alkuliue salts .... 

. 14 

16 

10 

2 


The amount of phosphoric acid is very small in the liquid 
excrements, varying from a trace to about 0-1 per cent, in the 
cose of horses, oxen, and sheep. In pigs’ liquid excreta it 
amounts to from 0'75 to 1*5 per 1,000 parts. 

The composition of the excreta of the form animals is very 
variable, and is greatly influenced by the nature of the animal’s 
food, and other conditions. Two specimens of the Uqnid excre¬ 
tion of the sheep which I analysed (sec Qa/rdeners’ Chronicle tor 
March, 1860) gave the following very different rosnlts;— 

|No. 1. Ho. 8. 

Specific gravity. 1045 1014 

Water . 87-16 95-88 

Vrea and undetermined organic matter. . . . 9*38 2-95 

Yielding by oombustion with soda—lime, 

ammonia. (3*20) (0*85) 

Inorganic matters, cbiefiy alkaline salts 3*46 1-17 

100-00 100-00 

No. 1 hod been obtained from a sheep “highly fed,’’ and 
Ko. 2 from a sheep poorly fed. 

The solid mannre of the horse is very valnable. It decom¬ 
poses rapidly in the soil, which booomeS thereby sensibly warm. 
It is, therefore, properly termed by formers a hoi manure. On the 
other hand, .cow manure is cold, ^cause it long resists decompo- 
sitiott. ’ Oi^g to the oobeieut, pasty character of this manure, 
; it is diffienlt to distribute it equably throughout the soiL Sheep 
I numure is neoxly as valuable as that fnnoished by the horse, 
i but it does not decompose so readily. The mannre of the p% 
I appears to vary more in romiKuition, probiffily owing to the 
' omnivorous nature of the porcino species, than that of the other 
! three animals above referred to. It is a cold manure, and is 
I pasty and tenacious. Its composition indicates that it is 
I capable of greatly enriching the soil, and on the Continent it is 
held 'in great repute amongst the farmers. For my part, I 
ahonld prefer horse manure to it. 

The best position for the manure heap is on level ground, for 
if placed on a sloping site the drainage from it soon diminishes 
its value, and if it be deposited in a hollow its base soon 
becomes rain-water. A paved site is desirable, os soft soil 
absorbs valuable soluble matters from the mannre. The larger 
the heap is the lose it loses by the influence of sun, air, and 
rain. The common practice of allowing the mannre to remain 
in small heaps is most wasteful. When the heap is large and 
compact, voty little loss is Bustoinod by oTaporation; but heavy 
rains dissolve and carry away some of the soluble matters. This 
loss may be averted by surrounding the base of the mannre 
heap with earth or peat mould, and when the latter becomes 
satiated with the fertilising matters it may bo thrown up on 
the top of the heap. A stratiun of fine eartii or'peat-moidd a 
foot in depth constitutes an oxoellent foundation for the maxum 
heap. Farm-yard manure may be spread over the field a long 
time before it is actually required. Under sneh oiroamstanoes, 
it loses little, if any, ^ -its fertilising ingredients, as the soil 
absokbs and retains them. 

c The* treatment of liqnid maanro is a point of ocmndsmUc 
importance; but we shall postpone its co u a i da t a t ion vatil m 
oome to treat upon fho snbjeot ^ liquid sewage. 
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WEAPONS OP WAR.—VIIL 

B7 AN OI'VIC]i& OF THX BOTAIi AjmLItXBT. 

OBBAT GUNS AND THEIB BBOJEOTIDE8 (eontinMi). 

In oor Ifat p&pflF we treated of smooth-bore otdnaaoe, and of 
the TariouB natures of shot which are need with the same-* 
solid, steel, chilled, hollow, case, and grape shot. 

We pass now to the ooneideration of the second gronp of pro- 
jeotUea, Shells. There are two great olassee of sh^—Common 
Sfeidl and Shrapnel shell. The common shell, for smooth-bore 
gtsns, is a hollow sphere of cast-iron filled with powder and 
fitted with aifnse, which is so arranged as to explode the shell 
either at a particular time after it has left the gun, or when 
it strikes against some hard object. A shell is, in foot, a small 
mine wUoh is transferred by the power of a gnn tp«any spot 
where its effect may be required to be produced: it has been 
called a “flying mine,” and the effect, it will be observed, 
is really independent 
of the gnn. That 
Is to say, a common 
shell, if deposited on 
a porticnlu spot by 
himd and then fired, 
would cause almost 
as much destruction 
as if it had been shqt 
on to that spot from 
a gnn. This, at least, 
is the primary appli¬ 
cation of a common 
shell, and it is one 
which it is important 
to appreciate, be¬ 
cause it oonstitutoB 
the leading distinc¬ 
tion between shells 
of the common and 
shells of the Shrapnel 
blass. It follows 
from the above, that 
a common shell act¬ 
ing as a mine is espe¬ 
cially destructive 
against the mafMel 
of an enemy. It de¬ 
stroys his parapets; 
it blows down his 
walls and defences; 
it carries destruction 
into his towns and 
villages; but, be* 
yond and above all, it 
is especially terrible 
when it can be intro¬ 
duced into his ships. 

Shelia are more 
dreaded by the sailor 
than any other pro¬ 
jectile, and naturally so; for the bursting of a tiiell in the 
confined spooe between the decks of a vessel is destmotivo 
alike to men and material; it blows the former to pieces, it 
destroys and sets fire to the latter, and it causes oonfn- 
sion and terror by its noise and smoke. The following 
passage, which gives a “roalued epitome” of shell effects 
on board ship, has been often quoted, but may be here fitly 
Fepeodnoed. It is au account of the fight between the icon- 
blad Merrimae and the wooden ship Con^s* The first 
shell that burst within the Congreu killed every man at 
tiie nearest gun; another and another burst among the crew, 
and the ship was soon a slaughter-honae. Operations were now 
emt of question. The wounded were in crowds horribly out up. 
The ship, too, was on fire; ihe shellB had kin^d her wood¬ 
work in various places. Nearly all the guns were dismounted, 
the bulkheads blown to pieces, handspikes and rammers 
shivered, and the powdor-boya aU killed. Everything waa in 
fragments, black or red, burnt or bloody. This horrible scene 
lasted about an hour and a half, and then she stmok.” Thil 
vivid description was given b7 on eye-witness. 





m 
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Fig. 1.— SECTION OF DIAPHBAail BBBAFNSL BHELL, WITH FUSE COMPLETE. Fig. 2. 
—SECTION OF DIAPHBAGM 8BBAPNBL SHELL, WITHOUT BULLETS. Fig. 8.— 
SKELETON FBAUE OF OKOUNS LIGHT BALL. Fig. 4.— OBOUND LIUHT BALL 
COMPLETE. Fig. 5.— SECTION OP OBOUND LIGHT BALL. 


A secondary nse of the oOmmon shell is to aet UBOh as tiie 
Shrapnel acts— vIsm to burst somewhat in advance of Oe object 
fired at, when the fragments, oontinniag their fiigkt, spread 
out and act in the same way ae a charge of oaee or grape. Bnt 
this is to be understood as distinctly a aecxmdazy use of oommon 
shells; for in this oaso the large bursting charge whidi the 
shell Qontains is in a great measure thrown awi^. Indeed, it 
may be said to detract from the efficiency of ^ projeotile, 
because it blows a number of the fragments sideways, and 
arrests the progress of others. 

Bnt this brings us to that class of shell which ia epedally 
intended to act in this way—Shrapnel eheU. The first idea of 
these important projectiles was oonoeived by General Shrapnel, 
of the Boyal ArtiDery, at the siege of Gibraltar, in 1781. The 
guns were firing at a range beyond that of case or grape, and 
some effective direct fire was made with oommon shell fired 
from 24-fonr pounders with large charges of powder. The 

projeeUe’e velocity 
was very groat, and 
the loss to the enemy 
was considerablo. It 
then ooonired to 
General Shrapnel 
that if he were to fill 
these shells with 
musket and carbine 
balls, reducing the 
bursting charge to a 
minimum, consistent 
with the opening of 
the shell, andinoreos- 
ing the firing charge 
to a morimum, he 
would be able to pr(> 
dnoo a still more de¬ 
structive fire. In this' 
change we note the 
distinctive differ¬ 
ence, which cannot 
bo too clearly ap¬ 
preciated, between 
oommon and Shrap¬ 
nel shell—^viz., the 
difference,that while 
the former depends 
upon the explosive 
effect of its own 
charge, the latter de¬ 
pends upon or derives 
its effect from the 
charge of the gnn. 
A high velocity is 
not neoessaiy in the 
first case; it is essen¬ 
tial in the second. A 
large bursting charge 
is essential in the 
first case; it ia not 
only not essential, but absolutely prejndioial in the second. The 
original Shrapnel shell, as designed by General Shrapnel, was, 
in fact, a t^ common shell filled with bullets instead of 
powder, and having only so mnch powder in among the baUs 
as would suffice to open the shell. The object of making 
the shell aa thin as possible was, first, that it might contain 
as many balls as possible; secondly, tliat a very em^ bursting 
charge might open it. Those projectiles were first introduced 
about the year 1803, and were used at the battle of Vimiera 
in 1808, and at other actions during the PeiiinBnlar war, with 
an effeot to whioh the French, against whom they were fired, 
bear ample thm^h unwilling testimony. 

The action cd tiie shell is as follows:—^It leaves the gnn like 
any other apheri(»l projectile, travelling to toe point at which 
the time-fuse haa been set to explode it—which should be a 
short distance in front of the object aimed at. When it atrires 
at tols point, if the action of the fuse be aatisfootory, toe shell 
will be opened, and toe bullets and fragments will “ oontinne 
toe^ forward course with a oommnnisatod velooity equal to 
that of toe shell at the motoont of fracture, and describing, aa 
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tiiifly tfUgiifly diapeiie, ‘a ooired ooss, iha apex of niiidii ii at 
point of explosion.* ” The Shnpnd sheU thus acts as oaee 
or grape at distances beyond those at Whioh case and grape can 
be eff^rely employed. The SSucapnd shell has praetieally the 
effoot of oarrying forwud the mnssle of the gun to within each 
a distance of the enemy as will enable a obbo- 
fire to be delivered. Aotnallyfhemnzsleof the 
gun is, of course, not advanced; but practically 
^is is what happens, for the breaking np of tho 
projectile, which with case occurs at the muzzle, 
is postponed until the projectile arrives within 
a short distance of the enemy. Indeed, when 
Shrapnel shell were first introduced, they were 
osllodbyanamc which exactly desoribcs them— 

“ sphericsd case shot.” The present name was 
not adopted until many years afterwards, as a 
compliment tathe inventor. Since the first &• 
trodnction of Shrapnel shell, some important 
improvements and modifioationa havr been 
adopted. It was found that the shells somc- 
times were broken np by the shook of discharge, 
due to the friction of the powder between the 
balls. To obviate this it was necessary to sepa¬ 
rate the powder from tho balls, and this was 
done by introducing into the existing store of 
Shrapnel a tin cylinder, which occupied the 
centre of the shell, and contained tho bursting 
charge. Those shells were known as “improved 
Shrapnel,” and they have only recently disap¬ 
peared from the service. When new shells had 
to bo made, General (then Captain) Boxer, B.A., 
proposed a different arrangement. He pro¬ 
posed to separate the bursting charge from the 



plan fomerly adopted—name^, “atrapping" on the bottom 
with tin “straps.” 

We have now treated of shot snd ShelL There remains a third 
okas of projeotOes to speak of —incendiary prciectilear Of these 
there are —viz., red-hot shot, Martin's s^ll, gronnd light 

balls, parachute light balls, and smoke balls. 

B^-hot shot are merely ordinary oast-iron 
shot heated to a “ wafer ” red heat and fired, 
with reduced charges, against wooden shipping 
or any oombastible material. It is necessary 
to fire them with rednoed oharges, because the 
expansion of the shot, by rodnoing the windage, 
increases tho strain upon the gon, and beoanse 
rod-hot shot arc required to lodge in the 
object fired at, and not to pass through it. 
These projectiles were used with great effect, 
and on a togn ecale, at the siege of Gibraltar. 

Martin’s shells have, in a great measure, re¬ 
placed red-hot shot; although both descriptions 
of projectiles have lost their original valno, in 
consequence of the substitaiion of armour- 
plated for wooden vossols. Martin’s shell, eo 
called after its inventor, a civilian, consists of 
a thin spherical cast-iron sbell, with an interior 
lining of loam ; shortly before use the shell is 
filled with molten iron, ha order to ensure 
the bteaking-np of the shell on striking an ob¬ 
ject, tho sides are made thinner than the top 
and bottom. The loam lining, being a good 
non-conductor, servos the double purpose of 
keeping tho iron in the interior hot and the ex¬ 
ternal shell cool for a longer time than would be 
possible if there were no snch lining. The shell 


PABA.CH0TK IN ACTION. 


bullets by enclosing it in a small chamber formed on one side of | is intended to bo fired against on inflammable object—snch as a 


the shell, bythe insertion of a wroqgfat-iron plate or “diaphragm.” 
Tho accompanying drawings (Figs. 1 and 2) show the construc¬ 
tion of the “ diaphragm Shrapnel shell.” 

The advantage of placing tho bursting charge at one side, in¬ 
stead of in tho centre, was that it avoided the excessive disper¬ 
sion of the balls at the moment of mptnre. But in order to ensure 


wooden ship. ’The shook of oonenssion breaks the shell, and the 
molten contents are scattered about, setting fire to everything 
combustible upon which they may fall. These shells were con¬ 
sidered by the committee which introdneod them to possesB 
greater inoondiazy power than red-hot shot. On the other hand, 
there is a oertain amount of tronble and inconvenience involved 


the proper opening of the shell, it Was necessary to provide it with I in the preparation of the liquid iron. But when these diffioulties 


internal grooves, or “linos of least 
resistance,” down which the powder 
would act. Tho powder is introduced 
into tho chamber through a small 
loading-hole, and the fuse com- 
mnnioatoR with the powder in this 
chamber through a small fire-hole in 
tho brass socket. To prevent the 
ballets from conglomerating under 
the shook of discharge, they are made 
of hardened load, and have coal-dust 
shaken in between them. Such is 
the diaphragm Bhrapnel shell for 
smooth-bore gnns. We shall see 
hereafter how General Boxer has sue- 
oossfully applied the principloB of 
this oonstmetion to the Shrapnel 
shell for rifled ordnance. 

It will be observed that the shell 
in our drawing is fitted with a wood 
bottom, riveted on. All sh^ls ore 
fitted with one of these bottoms, or 
“sahdts." They serve the double 
purpose of presenting the right side 
of the shell—4.e., the side away from 


tile fuse—^to the o| 
diminishing 'Srim 


I, and slightly 
.ge” (the space 
between tho shell and bore), and thus 
reducing the escape of gas and the 
tendency of the projectiles to rieo- 
chat along the bore. With bronse gnne, it was neoeasary to pro¬ 
vide the shot, as well as the ehell, with these bottoms, beoanse 
otherwise a bounding movement of the shot became eslablished, 
to the speedy deatruotion of the gun, and to the almost imme¬ 
diate destmotion of all Booniaey of fine. The method of attach¬ 
ment adopted for these bottoms—-an expanding copper rivet 
—4 b simple and ingenious, and • p^t impf-^ement on the 



are surmounted, and when the shell are 
used under favourable circamstanoes, 
they have been proved to bo very 
formidable instruments of destruc¬ 
tion. 

Carcasses arethiok iron shells, filled 
with a combustible composition, and 
having throe holes for this composi¬ 
tion to bum out Of. The composition 
consists of a mixture of saltpetre, 
snlphor, rosin, sulphide of antimony, 
turpentine, and tallow. It bums 
with great violence for from throe to 
twelve minutes, according to tho 
size of tho carcass, 'Nhioh varies from 
the 12-poandcr to the 13-inoh. Car¬ 
casses are thrown into an enemy’s 
works, to set fire to his houses, stores, 
etc. etc. Tho composition becomes 
ignited at each vent by tho flash of 
discharge, and continues burning 
after the carcass has fallen until it 
is expended. So violently does the 
composition bum, that it is almost 
impossible to extinguish it. It will 
even hum under water. The best 
mode of dealing with a carcass is to 
endeavour to roll it away from all 
inflammable material, and to smother 
'' it with earth. 

The ground Hght ball (Figs. 3, 4,5) is another projectile of tUn 
class. It is, however, useful rather for illuminating than for in¬ 
cendiary purposes. It oonsists of an oblong skeleton iron frame, 
covered with stout canvas and filled with an inflammable c^posi- 
ti(^, consisting of saltpetre, sulphur, rosin, and liawed oil. The 
projectile has four or five vents, according to its size, from 
whioh the composition bums, for from nine to sixtsen minute% 


7.—eacnoN ox xabachutk uaHr ball, 
WITH XTras. 
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THE TBC3HNIOAL BDUOATOE. 


•oeotdiat to tho siw. Them groond light balla are tfaiowa 
from mortaxs at night into an enen^a rroih, to disoover hie 
wocklng paxtiee; and thej’ axe ahio aervioeable, in the abeenoe 
of oaxonaaea, aa inoendiaiy projeetilea. 'Shey axe, however, open 
to Borae aetiona objeotiona. In the firat plaoe, an oblong pro* 
jeotQe ia not aoitable fox fixing <oat of a smooth-bore gnn; 
neither range nor aoenraoy can be obtained with it. Again, 
if they fall abort of the objeot, their smoke makes a sort of 
aoteen. If they fall into a ditoh or on to muddy ground they are 
steothered; and if they do fall in the right plaoe, they can be very 
esaily ooroi^ over wi& earth, and so rendered useless as lights. 
Even when not oxtingnished, the composition is of so dull a 
nature that its illuminating power is very smaU, while the area 
iUnminated by a projectile on the ground is necessarily xe- 
strioted, even und(n: the moat favourable oircumstanoea. 

A go<^ many of the foregoing objections, if not all, were met 
by General Boxer in hie ingenioua Paxacbute light Ball. It 
oonsiets of a thin wrought-iron shell, containing two half-shells of 
wrought iron (Fig. 7), the lower of which contains a brilliantly 
bumhig composition of saltpetre, sulphur, and rod orpiment, 
and the npper a oolico parachute, the lower part of which is 
attached by ohams to the oomposition hemisphere. The shell, 
fitted with a fuse, k fired from a mortar. The fuse k timed 
to explode a small bursting ohargo when the shell attains 
its maximum elevation over the area or objeot required to be 
illuminated. On the explosion of the bursting ohargo, the outer 
shell k opeuod, and the two inner hemispheres begriu falling. 
The lower hemisphere, which oontains the composition, being 
the heavier, falls more rapidly than the other, which has, 
indeed, received a momentary impulse by liio action of the | 
bursting charge in the opposite direction. Thk jerk, and the more 
rapid falling of the composition hemisphere, causes the oalico 
parachute to bo pulled out and expanded (^g. 6), and it then 
floats the oomposition hemisphere slowly down over the object 
to bo iUnminated, the oomposition burning brightly. out of a 
hole at the bottom of the homkphere, for from one to three 
minutes, aoOordmg to size. In addition to overcoming all the 
diffionlties and objections enumerated above as belonging to the 
ground light ball, the parachute light ball possesses the 
advantages of being aervioeable at sea, or to Uluminate an 
enemy’s fleet, which the ground light ball neoeaaorily cannot 
be. It can also be fixed kom a very light and handy mortar. 
Thk oonstmotion of projeotilo has been very effectively employed 
for firework purposes. 

The Smoke Ball hardly needs any mention. It is merely a 
paper shell filled with a composition of gunpowder, saltpetre, 
00 ^ pitch, and tallow, which when ignited emits a dense and 
Buffoeating smoke, whioh is stated to be nseful in expelling an 
.enemy from mines, and in oonoealing one’s own operations. 
These projeotOes have also served a peooofnl nse in ^e Arctic 
regions, where they were employed for signalling purposes—^the 
long column of black amoke standing out prominently agamat 
the white background of these snow-olad regions. 

9%k oompletea the Ikt of projeotUes for smooth-bore gnns, 
if wo except the Hanby shot, for saving lives from shipwreck, 
and which k not to be considered a weapon of war. We will 
now pass forward to another section of our anbjeot. 


SEATS OP INDUSTRYli-VlII. 

, ^ BY wiLWAM Watt wbbstkb. 

GLASGOW.—n. 

With the eatablkhment of the Union, whioh at the time was 
believed by the i>eople of Scotland to be a great national 
oataatrophe, « great impetns was given to the trade of Glas¬ 
gow : and thk event also maxka an important era in the mann- 
taotaring history of the oity. Up to this period the foreign 
trade-of Glasgow had been almoat altogether restricted to the 
continent of Enropai it woe now extended to the colonies. 
When thk trade was firat entered upon, the Glasgow merchants 
had no asitable ahips of their own, and were therefore obliged 
to obarter vaasek belonging to other ports. The nature and 
" canny" ayatam of the trade engaged in may bo gathered 
froaa tto fo^wing desoriptibn taken from Gibson’s “ History of 
CUkpow:”—** A Bsqwveaxgo went oat with every vessel, who 
baeiared hk goods to t(d)a«xi, oatil such time aa bahadaith& 
sold idl hk goods, or proenrad m maoh tobaeao aa was odB*. 


oiant to load hk veaseiL He then xetomed immediately, aaid 
if say of Ids goods ramained unaold he brooffht them home 
'With him.” In a vny abort tims GUaagow became tbs prin¬ 
cipal centre of the ‘fadmeoo trade in Gkeat Britain, and the 
Yirginia mer(dianta, or “tobaooo lords,” od th^ ware called, 
beo^e notoriona for their wealth and pride. A ourions 
story k told of the first toitare made by Glasgow mer- 
chants in the tobocoo trade. In order to keep down axpenae, 
the captain of the ehip sent out was appointed to act as 
supercargo. ” Thk pentm,” says the old merchant who has 
recorded the event, “although a shrewd man, knew nothing 
of oooounts; and, when, on hk return, he was asked f)]r hk 
employers for a iitatemoat of how the adventure had turned 
: out, told them ho oould give them none, but there were its 
proceeds; and threw down upon the tiible a Isige hoggar— 
that is, a stocking—staffed to the top with coin, llte ventanc 
had been a profitable one; and hk employers conceived that if 
an nneduoated, untrained person had been so successful, their 
gains would have been stiU greater had a person versed in 
accounts been sent with it. Undor this improsaion, they im¬ 
mediately dispatched a second adventure with a snpeimrgo, 
highly recommended for a knowledge of accounts, who produced 
to thorn a beautifnlly-made-out statement of his transootions, 
but no hoggar.” It is estimated that more than one-half of the 
disposable capital of the city wt^ embarked in the tobocoo 
trade, from about 1735 till the declaration of American Inde- 
pendonoe in 1776. A notion of the extent of this trade in its 
best days may be formed from the statistics for the year 1772, 
whioh show taat out of 90,000 hhds. of tobacco imported into 
Great Britain, Glasgow alone imported 49,000 hhds. The year 
preceding the American War of Independenoo—which closed for 
over the tobacco monopoly whioh Glasgow up to that time had 
enjoyed—was still more remarkable, for there were imported 
into the Clyde in that year no leas than 57,143 hhds. of tobacco, 
whioh wore the property of forty-two merchants. When the 
tobacco trade collapsed, the Virginia merchants tamed their 
attention to the West Indies, and soon transformed themselves 
into “ West India lords.” Sugar onltivation in the West Indies 
and the introduotion of cotton manufaotarea had opened out 
new paths to opulence. 

It was at thk period that the cotton trade of Glasgow com¬ 
menced. Very shortly after tlio cultivation of cotton was 
introduced into the ^uthern States of the American Union, 
agents of Glasgow houses wore established at Charlestown 
and Now Orleans, in order to facilitate the intarohange of 
American cotton and British manufactures. This trade was 
prosecuted with extraordinary vigour, and “ cotton lords ” soon 
come to take the place of the “tobacco lords” of a bygone 
day. It was oko at this date that cotton manufacture was 
begun in Scotland, tho first cotton-mill being built at Bothesay 
in 1778, by an English company; but before many years passed 
it was bought by Hr. David Bale, a Glasgow merchant, who 
boeame one of the most extensive ootton manqfactnrorB in the 
oonntry. The second ootton-mill built in Scotland was at 
Dovecot HsB, on tho bonks of the Leven, in Benfrowshire, and 
it soon proved so remnnerative that it was enlarged, end five other 
millB Were bnilt in the vicinity. Among the earlieist factories in 
Lanarkshire may be mentioned the oelebrated New Lanark Milk, 
erected by Mr, David Dale, in 1785, in whioh Sir B. Arkwright 
hod a aWe. Spinning operations were oommenoed in thk 
mill in 1786, and two years later another mill was bnilt, which 
was destroyed by fire before it had been completed, bnt waa 
rabtalt in tae following year. Subsequently two otaer milk 
were etaoted in the neighbourhood. From the -first, Glasgow 
waa the centae of ootton manufaotaring enterprise in Scotland; 
and nearly the whole of tho ootton go^s that have been made 
in that oonntry have been manufaotared either by or for firms 
beltmging to that city. Within fifty years %f the time when 
tho firat ootton factory was erected in Scotland, Glasgow waa 
the oentre of about 100 ootton-milla, and before the lapse of 
another decade the number of ootton-mills in Scotland had 
neaxly'doubled.' The increase in the imports of cotton into 
Glasgow during thk period was, as a matter of oonzae, propor¬ 
tion^ ta the inoreaae in the number of milk. Thus' the 
quantity of ootton imported into tho Clyde in the year 1775 
waa 508 balea, or 187,160 U>.; in 1790 it waa 6,500 bales, 
or 1.757,5041b-; ta 1S12, 434)00 haka; ta 1824, 54,708 ; and 
ta 1^ ta* Otaotity JmS xImb. to 85»T6ft haka, Th* latto 
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llgitrw zepmaeat ft fifth of the oottou imported into Britain in 
1884',* tioA it ia eatimftted i^t at lenat three-fonrtlu at the 
nrhoto qnnatitjr imported into the Clyde, or 11,m balee, were 
worked iip by Olftegow maaralhotnrere. 

B(tt btfore the introdnotion of ootton, tite mftnnfaotnrers of 
Glaagow end Fautey bed ftoqnited a hig^h reputation for the 
exoellenoe of the linen fabtioe they produced. Lmene, lawna, 
and oambrioa were, indeed, the staple manufacture of Glasgow 
till after the close of the American War. 'The first tape'fact<ny 
in Britain was established at Glasgow by Mr. Alezs'.der 
Horrey, in 1733. This enterprising oitison abducted two 
inkle-looms, and an ezperienood workman from Haarlem, at 
the risk of his life; and it was the Dutchman he brought over 
to this country who first initiated tho ipaoQfucturorH of Man¬ 
chester iqto tb<> mysteries of tape-making. As might hare been 
ozpootsd, tho ootton cloths manufactured at Glasgow when the. 
fibre began to bo used, and for some time afterwards, wore 
of the coarsen dtsioription. A bandkerobief formed of linen 
warp and ootton woft, which went by the name of a “ blank,” 
was tlio chief artiolo produced. It was not rory long, however, 
before tho Glasgow manufacturers attempted and succeeded in 
turning out a finer quality of cloth. About the year 1784, Mr. 
James Monteith manufactured a web of mnsUu from some 
“bird-nest” Indian yarn, and prosoutod a Aross made out of 
this fabrio to Queen Charlotte. It was at this time that the 
cotton-spinning maohiuery of Hargimre and Arkwright was 
introdneod into England, and as this machinery produced 
thread sufBoicntly fine for muslins, and as muslins wero a pro¬ 
fitable branch of manufacture, the Glasg^iw manufacturers lost 
no time in adopting it. In a very few years Glasgow had a 
largo trade in plain and printed muslins, and Paisley became 
celebrated for fancy mnslins. Those goods soon oamo into 
competition with the produc-ions of the Indian looms, for as 
early as tho year 1793 it is stated in a report of tho East India 
Company, on tho subject of cotton manufacture in this oonntiy, 
that “ every shop offers British muslins for sale equal in ap- 
Xwaranco and of more elegant patterns than those of India, for 
one-fourth, or, porhaps, more than one-third less in price.” 
Under the date 1785, the following passage oconrs in “Moephor- 
son’s Annals of Commerce: ”—“ The manufacture of calicoes, 
which was begun in Lancashire in 1772, was now protty 
generally established in several ports of England and Scotland, 
Tho manufacture of mnsliu was begun in England in 1781, and 
was rapidly inoreasod. In tho year 1783 there were above a 
tbousaud looms dot up in Glasgow for the production of tho 
most bcnefioiol artiolo, in which the skill and labour of the 
moohanio raised tho raw material to twenty times tho valuo it 
was when imported.” Tho spinning of cashmere yam has 
boon carried on at Glasgow since 1831, and merino yam has 
been produced there since 1833. 

It is well known tho.t it was at Glasgow that James Watt 
made his first model of tho steam-engine, and it was at Fort- 
Glasgow that tho Comet was built, the vessel that first de¬ 
monstrated to Europe tho practicability of steam navigation, 
trtio first steam-engine applied to the spinning of ootton in 
Glasgow was erected at Springfield, on the south side of the 
Clyde, in 1792. In tho following year two power-looms were 
fitted up in tho city by Mr. James Louis Bobertson, and for a 
time were driven by a Newfoundland dog walking in a drum. 
In 179'3, 40 power-looms wero at work at^Milton ; and by 1801 
Mr. John Monteith had 200 looms in operiCtion at PoUookehaws, 
near Glasgow. Steam now began to bo generally applied, and 
the number of power-loom factories increased with astonishing 
rapidity. In 1850 the number of spindles employed in ootton- 
Boinning connected with and dependent on Glasgow amotmted 
to 1,683,093; and the ootton consumed reached a total of 
45,000,000|lb., or 120,000 bales; whUe tho power-looms num¬ 
bered 23,564, proffhoing a daily average cf 625,000 yards of 
cloth. Four years later tliore were from 26,000 to 27,000 
power-looms iu the Glasgow distriot, and tho iwoduot was oon- 
sequently proportionately inoroased. A return made to ForUa- 
ment in 1862 shows that there were in Glasgow and its 
dependendos in the previous year 163 factories, with 1,916,398 
spindlss,'80,110 looms, giving employment to 41,237 persons. 
Since that year the number of fisiototies him deereaaod, but the 
amouat at production has risen notwithefcamding. In 1861 the 
jiumher of yards at eotton oloth exportsd fivm the C3yde was 
150^784^881. i; in 18A7,205,884^58 jM^smsesaqiinted- Duong 


the CSvil War in .^erioa, the trade was, at oonrse, in a state 
of etognatiou, but it rapidly recovered from the blow. 

Tho great ootton mannfaoturing district of which Glasgow is 
the oentre oompriaes Now Lanark, Fsidey', the Water of ^ven, 
Kilbmohaa, Johnaton, LochwinnoOk, Bo&eaay, and Old ffil- 
patriok. Tho Stanley MQla, near Fertb, and the Deanatoun 
MiUa near Donne, are alao two outlyiag and very extensive 
ootton Austories belonging to Glasgow, Vrhioh were planted in 
theae remote locaJitiea on aooonnt of ^o plentifal suppl^ of water¬ 
power and labour. A few years ago, Mr. J. M'Donald, of 
Messrs. D. and J. M'Donald and Co., the eminent firm of sewed 
muslin manufacturers in Glasgow, stated before a oommittee of 
the Honse of Commons tliat their house employed upwards of 
20,000 persons in Ireland, and that tho amount of wages paid 
to them exceeded J£3,000 per week, or about JB160,000 per 
annum. There are upwards of thirty-five otlier sewed muslin 
manufacturers in the city—several as extensive as the Messrs. 
M'Donald—and it is estimated that they give employment to 
about 148,000 Irishwomen, who receive ,£1,184,000 per annum 
in wages. Tho shirtmakors of Glasgow also employ about 
30,000 Irishwomen in shirt-making. 

The next most important branch of trade in Glasgow ia the 
iron trade. Forty years ago there were only sixteen smelting 
furnaces in tho vicinity of Glasgow, with an average out-put of 
2,500 tons of pig-iron each. The manufacture of malleable iron 
ia of rooont dato in Scotland, and no reliable record of the 
quantity produced was kept tiU tho year 1845, when it amounted 
to 35,000 tons. In 1854 the quantity of malleable iron pro¬ 
duced was 125,000 tons, and of pig-iron 750,000 tons. This 
trade has been greatly extended since the period to which these 
figures refer. The most eminent of tho “ iron lords ” of Glasgow 
are the Messrs. Baird, of Gartsherrie. This firm owns 42 
blast-tnmaces, employing 9,000 men and boys, and producing 
about 300,000 tons of pig-iron por annum, or^out one-fourth of 
all tho pig-iron made in Scotland. At the Gartsherrie branch 
of their establishment, tho Messrs. Baird employ 3,200 men 
and boys, and make 100,000 ions of pig-iron pier annum; tho 
daily consumption of coal being upwards of 1,000 tons, Nine- 
toen-twentieths of the coal used at this work is takon from 
mines within half a mile of the furnaces. For forty years the 
coals nsod at Gortsherrio wero got from a mine close to the 
fnmacos; and tho iron-stuno was for nmr.y years fonnd in tho 
immediate neighbourhood, but baS now to bo brought distanoes 
varying from two to twenty miles. A complete system of rail¬ 
way communication 'has been constructed for its oonvoyanoe, 
and tho Monkland Canal ia also used for the same purpose. 

The fame of the iron ship-bnilders and marine engine-makers 
of Glasgow has for many years been the boost of her oitizens. 
Thoso trades have of rooont years expanded to extraordinary 
proportions, and have materially oontributed to the prosperity 
of the city. Large numbers of ocean and river steamers ore 
yearly launched on tho Clyde, and some of tho finest steamships 
in tho world have boon construcited in the neighbourhood of 
Glasgow. The iucroaso in the trade of the port is as remark¬ 
able as any element in the prosperity of tho city, and has been 
dependent on the exten.siTo improTcmonts which have been 
effected on the river. About fifty years ago tho depth of the 
Clyde opposite Glasgow was barely five feet; now it is fully 
twenty, and ships of the largest sizo can load and nnload at tho 
quays. The length of quay-wall iu the harbour is about 14,000 
feet. No account of Glasgow would be complete that took no 
notice of tho chemical works of the Messrs. Tennant, which are 
tho largest in tho world, and comprise sixteen acres of ground 
under roof. Tho principal chimney-stalk at thesef works is 435 
foot from the ground, atid 450 feet from tho foundation. This 
gigantic oolnnm has been surpassed, however, by a “stalk” 
erected a few years ago in its neighbourhood, which rises to an 
altitnde of 468 feet from the foundatiDn, and is composed of a 
million and a half of bricks, Tho principal water supply of 
Glasgow is obtained from Loob Katrine (a distance of forty 
miles), and this undertaking cost the city upwards of £900,000. 

Glasgow owes no inconsiderable portion of its importanTO as 
a trading and manufacturing eentro to its position in tho middle 
of a district rich in coal and iron, the two principal factors of 
modetn history. Aooording to calculations inado by Dr._ Strang, 
Glotgowand its suburbs contained 446,639 inbabitmts in 1861; 
snft it ii belissrsd that population is now oontidatahly over 
half a nuBion. 
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TECHNICAL DEAWINO.—XXVII. 1 

THE 7B0JBCTI0N OF BOBEWS (eontimud). 

i 

Fia. 255 ia the plan and Xl?. 256 b the elerotion of a square* I 
thT wdad eorew, the working of which the student will under* I 
stead, the systm being the sanu as in the last study. 


The points of the double helix on the inner cylinder at^ 
project^ in the same manner, and therefore no farther instroo* 
tiou will be needed'. . 

Fig. 257 ia the plan and Xlg. 258 is the sectional eleratioa of 
the nut of this screw; the last is projected from Ihe plan (Fig. 
257), and the heights are oan^ on from the deration of Xlg. 



The thread and the apace are equal, and the depth of the 
groore is the same as the width of the ihrmd. 

Haring projected the first carve, which is the upper line of 
the thread, and haring carried this helix up as far as may be 
required, set off the 'width of the thread on the perpendiculars 
below each of the points through which the onrre has been 
drawn. Through the points thus obtained the lower onrr^of 
the thread may be drawn. 


256, the rererse onrres, as before, being used. Templets for 
this figure may be used as in the former case. 

Screws may have one, two, three, or eren more tbrsads, 
aooording to &e velocity which their action may be required to 
produce. A double-threaded screw is one in irhioh the pitch of 
any individual helix includes two threads; a three-threaded 
screw is one in which three threads are embraced, and so on. „ 
Fig. 258.—This figurf represents a pair of spur-wheela in 
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geu. The xediu of the huger wheel, with 42 teeth, ie IS}", theie will be the centre linee for the urme. Next dmw tiic 
emd that of tiie smaller, with 24, ie 9". hose, central aperture for the shaft, and the key-bed; then on 

Haring drawn the pitoh-cireles, and harin'g eet off the pitches j each side of the eix central lines set off, first, half the thiokueaa 
and divided them into teeth and apacee, as already shown, draw j of the oenttal ridge or flange of the arms, and then the web, 
the eirdes for the points and rooto of the teeth; then the faces . by which these are strengthened. 

of the teeth (which in design and practice are epioyoloidal, but I It will be seen that the lines of the web do not nm straight 



which in drawings are approximately rendered by arcs struck I into the boes, or into tbe part enpporting the rim, but turn off 
with a radins equal to the pitch), and finally the fianks which in each case by arcs, as ah^dy shown. 

are radial, but wbidi are turned off into the oiiolo of roots by It will bo obsorv^ that when wheels me in gear there are 
arcs, are to be drawn. three teeth of each engaged, one tooth of each wheel tonohing 


The emaller whed is a mere disc with teeth •, the larger one in the pitch-line, one pair just parting, and one coming gtadnally 
has six anus. into ftfil action. 


Draw the oirde representing the rim of the wheel, abont os ^In tlfi^i example the central flange cf the arms and the rim, 
deep as the distance from the pitdudrde to the root of the instead of running by arcs into each other, ore both bevelled so 


teeth. Divide this dido into six oqou ports, oml draw radii: as to accomplish the same end—viz., easy delivery in moulding 
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VEGETABLE OOMMEECIAt PRODTJCTS. 

XV. 

DTB TtxSTB (eoniitiued.) 

Osofixu^ Weeds (Eoecella thustoria, B. fac^fortnM, and 
JB. h/f/pomeehu, L.; natnial order, Lieherm). —^l^eso lichens,- 
which oonstitntp the orohila of comnicroei are of an osh'grey 
oolonr, having a thallus mnoh branched, flattened, and mealy 
in appearance, from one inch and a half to two inches in length. 
jChe blue dye known under the name of archil or orchil js pre¬ 
pared from these plants, which grow on all the rOoky coasts 
and islands of the Mediterranean, and also in the Cana !7 
Islands, Madagascar, Cape cC Good Hope, and South i^erioa. 
The colour yielded is not in itself a fast one, but it so greatly 
improves othitts that orchil is-regarded ne indispensable by the 
dyers. The inq)ortB into this country about 600 tons per 
annum. 

The Taktak Lichen (Lecanora iaHarea, L.), indigenous to 
Sweden, Horway, and England, answers the same purpose. 
Litmus paper, so much used by chemists as a test for aoids and 
alkalies, is prepared fregn the blue dye furnished by this lichen. 
Whole cargoes it are annually brought from Sweden to Hol¬ 
land, whore its dye, called endbear, is the most skilfully prepared, 
and therefore called Dutch blue. 

iV. PLANTS nrKNlSHINa VALUABLE BUILDING AND FUBNI- 
* TUBE WOODS. 

The cultivation of wood is now carried on in several oountries 
in Europe, where the population is considentblo and tho natural 
forests have disappeared; above all, Germany is to be dis- 
tingnishod for forest cultaro. But most wood, espooially for 
sldp-building, is still procured from those countries where tho 
natural forests remain—vis., from Koasia, Norway, Sweden, 
Canada, and the United States. In Germany, vast quantities 
of wood are annually floated down the rivers Bhino, Maine, 
Neokor, Wesor, and Elbe, from the still productive woods of 
Thuringia, tho Harts, Fichtol, and Erz mountains, and the 
Black Forest. Bussia exports a considerable amount of wood 
to England and the south of Europe, from St. Petersburg, Biga, 
Archangel, and from the Bnssian ports of Odessa and Ch^son, 
on the Black Sea. Much timber is also exported to tho soiith 
of Europe from Drontihoim, Bergen, and Christiana, on tho 
coast of Norway j from Gflttonberg, a port iu Sweden; and from 
Dantzio, Konigsberg, and Stettin, .Fnissian seaports on tho 
Baltic. American timber is exported to the United Kingdom 
ohiofly from Canada uid Quebec, wMcb is a great dop6t for 
wood. Tho importation in 1867 of timhor and wood was 
Not sawn or split, 1,211,042 loads; sawn or split, 2,177,540 
loads; and staves, 62,625 loads. 

Of forest productions tho following deserve to bo mentioned 
as sonroos of considerable trade 

Habooant (Swietenia mahogoni, L.; natural order, Cedre- 
lacece) oconpios tho highest rank amongst the furniture woods. 
This is one of the loftiest and most gigantic trees of the tropics. 
It is iudigenons to the West Indies and Coutml America. The 
mahogany troo is ent down in April and May, which is tho 
height of the dry season; it is tlien squared by tho adze, tho 
branches being lopped off; and about the middle of Juno, when 
tho rivers arc swollen by Ihe rains, tho logs arc placed on trucks 
and drawn by bullocks to tho water-side; there they are 
launched into the river, formed into rafts, and so floated down 
tho stream to tho vessels awaiting their arrival, 

Spanish maliogany is imported from Cuba, St. Domingo, and 
the Spanish Main, in logs twenty-six inches square and ton feet 
long. Honduras mahogany is usually lighter than the Spanish, 
and is imported in logs four feet square and eighteen feet long. 
Mahogany is chiefly vtdned for its colour, firmness, and durability, 
and the beautiful polish which it is capable of receiving. On 
account of these and other excellent qualities, it is particularly 
saitable for ehip-building. Mahogany is light and buoyant, 
free from dry rot, and docs not warp; it also suffers loss from 
tho action of shot than any other wood; sinuo idiot, when re- 
ooived by it, generally remains fast in the wood withont split¬ 
ting it. 

Mahogany ia extensivoly used is tho monufactuxo of tho host 
articles of domestio funiitate, fancy and ornamental wood-work, 
cabinet-making and veneering; in fact, there are, comparatively 
Bpoakittg, but few persona who have not this wood ooiistanfl^ 
before their ^es, ia some form or other of nseful homo fumi- 


tore. The qnantitjr.of mahogBDy imtiorted Into the Uldtod 
XSngdom in 1866 was 53,468 tons. 

Ebont (DtMtpyros etonut, L. t natoral «rdar, SSbmaeeiB),-- 
This tree is a native of the Manrltins. As soon lut fellsd ti» 
timber is immersed in water from six to eqfliteen months; it is 
then taken out, and the two ends ore seen^ taam splitting by 
iron rings and wedges. Manritins ebony is imiiorted in round 
stiaks, like scaffold poles, about fourteen inohea in diameter. 
It is much used for inlaying and tumery. 


e COLOUR—IX. 

By Froteuor Cbvbob, Boyal Agiioultmal Ciollege, Ciionoester. 

COKBUEX COLOUB-COUBINATION8—BABUONIEB OF i^ALOOT 
-i^HABMONIES OF OONTBABT—^HABMONIEB OF BBBIATIOK 
—HAEMONIBB OF CHANOK. . , • 

Hiteeb-bo our studioB of colours have been confined almost 
entirely to those which are oonsidored olemontazy and those 
which ore compounded with cquivalentB of their constituent 
primaries. We have only alluded once and again to the existence 
and vise of tho vast series of mixed hues. It is, however, chiefly 
in the employment of those oolonrs tiiat the higher chromatic 
dovelopmonts, constituting the poetry of colour, are mani¬ 
fested. Tho ubvions assortments of the primary and sccondaiy 
oolonrs, with their contrasts, rosomblanoes, and harmonics, are 
not difficult to understand: but it requires a woU-trained eye 
to discern the subtle differences and concords of composition 
in wliieh several mixed hues preponderate, and a well-cultivated 
imagination to appreciate and to pursue their intricate delights. 
Here, whore aid from descriptions is most desirable, it is most 
difficult. Endeavours to reproducu the more recondite har¬ 
monics of hues l>y meohanical processes are never wholly suc- 
cescful, and usually are even less useful than accurate verbal 
descriptions combined with references to natural examples. An 
illustration strikes us as wo write. Many an observant student 
of Nature must have noticed the triple combination of hues 
presented by on old beech or olm tree as seen against the sky 
or clouds in early spring. Wo have the yellowish groy-groon 
of the moss and liohon-grown trunk and branches standing out 
relieved against tim dnll grey of tho shifting and variable 
clouds beyond ; and this tender green of tho moss and grey of 
tlte cloud are not flat or uniform, as they too often appear in 
our Imitations o| them, but fluctuating witli a hundred voria- 
tiqim of texture, quality, and tone. A few dead loaves per- 
chOEco remain, suggesting, if not completing, by their brown 
or russet hues, the balance of colour, which just needed such 
idea of warmth and raddinoBS us they convey. 

But lot us regard a little more minutely, a little longer, this 
natural combination of fanes, which wo commend, with count¬ 
less others in the world around ns, to every student of deco¬ 
rative art; lot us see whether it does not possoBs other elements 
of beauty than those which wo have recorded. Yos; if we loolf 
a little closer wo shall doubtless see some delicato portion of 
nearly pure primary or secondary colour, some stray fragment 
of brightness—{Ibrohanco an early flower or insect—-just os the 
ancient pines of the unbroken American forest have been de¬ 
scribed as boarded with hoary lichens, yet touohed with grace 
by tho violets at their foot. So, too, there will be observed in 
the outermost twigs of our tree that hopeful thickening by 
myriads of looi-buds, neither purplo-mssot nor clove-brown, 
nor any colour which we can definitely fix, but very beautiful 
in themselves and promising tho verdure of summer. Deep 
hollows of shade, and tlio brightness of light will ho seen tod, 
yet sparingly, and so, like the simpler oolonrs, made tho more 
precious, fkom this example, of whioh nothing but the original 
work of a master in tho art of pointing coukd convey an ade¬ 
quate notion, moat important deductions may be dmwn. It 
will help us to realise, in a thoughtful, ortistio way, tho value 
of temporonoo in colour, as well os of bcdanco and dktribution. 
It will lead us to introdnoo, among our bines and reds and 
yellows, some of those rarer tints which wo cannot exactly 
name, but w-hiob the watchful student of Nature may see 
trembling on tho leaves of the willow, or paving the autumnal 
paths of tho forest, or shining at eventide from the cloudy but 
splendid pavilions of tho sun. 

It .behoves us now, pflssiug from tiiis somewhat a>iotorial 
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twt BMPt of tin obsoBze BabjMfe'of'tin ooatplsx oontblmtioiiB 
of ntixod baeB a&d oolonn, to- attempi tin dswniption and 
daisifioation of barmonieB of oolotir. 

It is nnial to divide hiMoniee of ooknir into two olossee— 
those of Bnajegjr sad those of eonttaet: Having alraadjr de- 
Botibed tile oondltions under which aeBorttnenta of oolonra 
become more or leas hsimoniowi) we need here do little, more 
than illuBtrato by an example or two the sovoi^ lands of har¬ 
mony of contrast here referred to. Bat it must be remembered 
that tiie distinction of harmonies into •.two classes is rather 
arbitrary. Sotae difference always exists between any two 
colonrs and any two...toneB, so that collocation, whether agree¬ 
able or otherwise, inevitably inolndes the element o^ contrast. 
Harmonies differ in degree or in complexity, but not in kind, so 
for os o^nizast is concerned. The ordinary harmonies of analog 
pass by. inBensible degrees into distinct, undoubted harmonies 
of contrast. .We here cite M. CSiavreul’s classification of har¬ 
monies, a oldsBifloation which has been adopted by mopt writers 
on colour:— * 

I.—HABUOmSS OP ANALOOT. 

1. The Harmony Analog’^ of Scale. —^This harmony is 
essentially the harmony of a series,'or the 'harmony of grada¬ 
tion. It is produced by the simultanoons view of several tones 
of the same scale, and is obtoinod in varying degrees of per¬ 
fection according to the number of the topes present and the 
intervals between them. When the tones are not cosily sepa¬ 
rable by the eye, and run into one another, then the effect 
commonly called " shading ” is produced. 

2. The Harmony of Analogy of JTonea. —When two or more 
tones of the same depth, or nearly the same deptii, but belong¬ 
ing to different but neighbouring or relatod scales, are viewed 
together, the harmony of tone is produced. Many such amort- 
monte, however, are cUspIeasing to the educated eye unless they 
be BO Boleoted as to fall into a series with a gradually increasing 
quantity of somo ono of their oolour-olemonts, when they may 
be ranged in the third kind of harmonies of analogy— 

3. The Harmony of a Dominant Colour. —This harmony is 
produced by viewing a landscape, a bouquet of flowers, or any 
contmsted colour-assortment, through a piece of glass so 
slightly tinotured with a colour as not to obliterate but merely 
to modify the natural colonrs of the arrangement or com¬ 
position. 

n.—HABMONIES OP CONTRAST. 

1. The harmony of contrast of scale is ,prodncod by tho | 
simnltaneons view of two very distant tones of the same soalo. | 

2. The harmony of contrast of tones iaqiroduccd by the 
simultaneous view of two or more tones of <iiffcrfut depths, 
belonging to neighbouring or related scales. 

3. The harmony qf eonlrasl of colours is produced by tho 
simultaneous view of colonrs belonging to very distant scales, 
and assorted in acoordanoe with the laws of contrast, 'lliis 
kind of contrast inclndos also those cases in which tho effect is 
^still further inoroasod by differences of tone as well as of oolonr. 

It must be confessed that tho above classification of colour- 
harmonies is forced and imperfect; for every harmony depends 
to a greater or leas extent upon contrast, either of tone or of 
oolonr, or of both; and our harmonies of analpgy 'will bo found 
to be derived from tho milder and loss startling kinds of con¬ 
trast.- Two ruling ideas will, however, be apparent in colour- 
arrangements, and upon the recognition of these ideas we may, 
perhaps, found a more satisfactory classification of colour-har¬ 
monies than that of Chevronl. llieso two fundamental ideas 
are those of seriation and change. Of tho first wo have an 
exwplo in the assortment yellow, orange, red; of tho latter in 
the assortment yrilow, red, bine. Seriation or snccosaion ootre- 
sponds in some meuure to tho soales, and ohatigo to tho chords, 
of mnsiosJ oompnsition. Seriation may bo suuoession of tones 
or of colours, or of both ; but in all cases the idea of a series, 
of stops, of orderly snooession, with the presenoe of . a pervading 
and do m i nant element, is the leading feature of the arrange¬ 
ment. In harmonies of obango, on the other hand, an element 
oommon to all the members or a majority of the members is 
wanting; nor is tiim any distinct idea of orderly succession 
or of development in those harmonies which convey very dis¬ 
tinctly the notion of ohsnge, more or loss abrupt. Between 
harmonies of seriation and harmonies of change there are 
numberless oonneoting links, so thail the one kind may impor- 


e^tib^slide intd tho Mter. For bqyond the regolating prin¬ 
ciples of bolonoe, distribu'tion, appropriateness, haimcmy, etc., 
no rigid roles, os of cast-iron, need inunmel the imagination of 
the aokmrist, and so no precisely-defined olasses can he arranged 
to receive all the possible horaonias of assorted oolonrs and 
hues. What furthpr remarks we have to makd with reference 
to this Bubjeot we now proceed to give under tho two heads of 
harmonies of series and harmonies of change. 

Seriation, sucoession, development, weqnenee, gradation, or 
shading include many oases of the harmony of analogy, and aao 
of two kiiids. The tones of a scale sneoeeding one another in 
TegulOB'order furnish ono examine of shading; enother is seen 
in a series qf assorted ^colon^ so arranged'^a^ to oonvey the 
notion of a gradual increase of some quality in'* the series. 
The gradual development of tho full Icaf-gAen of a plant in 
. the spring fpmishes an example of gradation, liut only of tones 
but of oolonrs. A greenish-yollow passes into yellowish-green, 
this into jfreen, and this ^ally oeqniree both depth and a 
greater proportidh of blue. Leaves in autumn may often be 
observed to reverse this order, passing through -variuna tones 
and hues of russet, red, orange, and yAlow. The open country 
continually offers illusixationB of the two kinds of gradation 
wo have named, and the landsoapo painter, apprehending tho 
value of this fact, is eimbled to roalise the relations to each 
other of tho different parts of the view^read before him, both 
as regards gradation of tone and gradation of oolonr. In the 
near objects constituting -the foreground he notices thd exten¬ 
sive range of the koalea both of tone and oolonr, and the pre- 
pondoranoe of those hues which imply the notions of brightness 
and warmth. In the middle distance the rangn of tones and 
colours is more abridged; while tho far distance is commonly 
{ distinguished by retiring and cold colours, with a very limited 
range of scale as well as of oolonr. From these natural examples 
of gradation 'we may take many hints nseful in applying colour 
to decorative purposes. Supposing wo wish to conventionalise 
a compound leaf according to the principles liud down in tho 
“ Principles of Design," We may do so not only so far as its details 
and form are oonoemed, but also in roferenoe to its colour, 
h^g., 15 represents smsh a oonvontionaJ colour arrangement—an 
arirangement the key to which is to he found in a natural 
sequence of colonrs ofton occurring in plants. 

What is called a harmony of an^ogy runs through, tho series 
of colours in Fig. 15. The four oolonrs there assumed to be 
present resemble in'dimd and in order thpse found in tho spec¬ 
trum of the sun to lie between the yellow and tho green. The 
arrangement of tho series conveys the idea of an increasing 
brightness and warmth as wo descend from tho pure green 
I terminal leaflet to the smallest pair of leaflets oloso to tiro 
leaf-stalk. Fig. 18 reprosonts the some series of colours in a 
diagrammatic way, but inverted, and furnishes us With a soien- 
tifio analysis of the effects obsorvod. The full groen is ropre- 
I sented, in accordance with the common theory, at tho base of 
I Fig. 18 as containing eight parts of blue and three of yellow. 

I The yellowish-green comes next, with one-third loss blue and 
I tho same amount of yellow as before. Tho greenish-yellow 
I contains only one-tiiird the amount <rf blue of the original 
' green. Then we reach the pure yellow, which is to be regarded 
as tho common element of tho series, bringing all ite members 
i into relation. 

In our next, illustration (Fig. 17) tho range of colour is more 
extensive. The series is not for general use in decorative 
assortments, but there are several useful lessons to be dra-wn 
from it and applied in practice. The contrasts between con- 
tiganns colours in 'tho present example aro much more startling 
than in Fig. 15, tlie intervals are larger, while tho harmony is 
one which must bo said to lie between those of analogy and 
those of contrast. The element of serial succession or de¬ 
velopment is weak here, that of change very apparent. The 
gradation in the assortment depends upon the increasing 
brightiiosa of tho colours as we ascend, and upon tho link 
which oonneots each group of throe neighbouring colours 
together—tho presence of a oommon element. We arrive at 
this result by interposing a secondary between its constituent 
primaries all through' its arraugemont. Thus orange is placed 
! between yellow and red, which latter is suecoeded by violet, 
the compound of red and blue. Blue follows, and after this 
effeen; then we should ro-commonco the aeries by returning to 
tho yellow with which it began. Tho analysis d the colour- 
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reUow. 


Pig. 16. 


Mriea in Pig. 17 ii jrepreaented rongUy in Fig. 18, where the 
tWti lines nproeent yellow, n thiokei lineced, andr 'the thidfeet 
line bine. Where two linM orerlsg, a compound ooldlir appears. 

We may, howeTer, leam something' more from Pig. 17. than 
ia hm pat jiawn. Ihe greater derdopment of the staUs and 
leaflets towaijls 'Uw baae, 'with 'the giadnally increasing pointed' 
ahataoter''of‘the latter towards uie summit, helps to oirry 
ont the idea of setiee suggested by the aaoaeBBion''oi! the ooloura. 
It in some minor detja^, such 
iCi the )MXget sise of ^e second 
pair of 'leadeta, 'fB And a break Ontn. 
in die aymme^ of the series, 
this is just the oAnmon tsatnre ?^*®***^' 

’ of Yegstablh and animal growths ^ 
by whfoh they afb in part dis- 
tingnished fr^Hhe mathemati. 
oally aeonrate, but leas interest¬ 
ing products of mere meohanism; 
for very often the podtiy, the 
mystery, of beantiful organio 
forma liM hid in such seeming 
ezoeptions to law. ^ 

We most not fail tp i^oe 
that there eziBi serersl methods 
of moib oompletely hanhomsing 
the ocntraste^ oolonra of snoh 
a aetieb as that shown in Pigs. 

17 and 18. In copying the 

former figure in ooLonrs for the sake k)f the instruotion this 
ezdrdae affords, we recommend od: readers to try the foUoi^g 
gdiefally ap[dioable methods of bringing greater nnity into 
snoh a'seties:— ^ * 

1. 4h outline and velning of black, oommom to sU tiie leaflets. 

S, An ontUne and vetoing of gold, oommon to all the leafleta, 

8. nie addition of grey to the whole of the^ooloan used, the lament 
propoitian being' added to the green, tbe least td tbe yoUow. 

A Instead of tneltlng the Ceoonduy edoora by mixture, introduoa 
their, sonstitueut primaries bjr dots placed aide by aide. 

Splendid examples,of such gradationsef oolour a»4hoie we 
hare been describing Kra 'to be found in numerous specimens 
of deooratrre art and manufaotnre in the fabrics of In^,* the 
eill^ of Pamasous, the faience of Persia, tbe laoqner-'ware of 
Japan, and thd poioelain of China. To take a sii^le example, 
we may refer onr readers to the peculiar bnt beautiful selection 
and sequenw of Colours upon 
snoh plates'^ of the BO.«aUed 
“ Fsrautn -watfe ” as may be Wn 
■in the Cesami^ Gallery at South 
Edusington. '' The partioular 
'variety of this ifrare which we 
have now in vmw is ktaor^ as 
“Pomas,'* “iJndns,” or moro 
genhrally ^jBhodian.’l The range 
of odours ft limited iCxcej^t so 
for as one series is Condetped— 

‘the aeries beginniflg with ^reen; 
and passing through tfahiaoise 
bine, tp a pure deep oo^t, snd 
thenoe' to a lUap hue' The most 
oonspiononB of the remaining 
odouie.is a< dull b^ok«red, 
opaque dhd mneh rais^ in relief 
above the others. A ohoodatd 
)brown, and a blank or grey like' 
fiiat of tndira.ink complete the liet, &oept that now and then 
A Qieoimen of the ware is found with‘a Utfle yello# on it. On 
« ground of oreamy white, oonventionalised forms derived from 
the hy^dinth, the tdip,' and a jfew other plants occur. The 
leoTM are filled in with a opppei>greep, gome flowers Ore of 
deep‘blue tonched with turquoise,, others' of a lilac hue. On 
some specimens no other colours ore iound than the£u four, 
yet these esthblidi eo lordy a seri^ that ft is doubtful whether 
' the specimens 'which exhibit these, odours only are not equal 
or even .sn^rior to tho^hers. Ibe oolours pf the plants xe* 

-- il I --;--;--- 

* See, for tbe Important lessons to be diawn from tbe study of 
Ortental fabrioi, Sv. Dra s sOr 'a seventh paper, on ’'Principles bf 
Design" (Vd. A, pngs 880). 
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presented probably suggeeted, in eases like the presmit one, 
some of 'the predosdnaat harmonies ia 'wladi the ^dl red, 'with 
its yellowish tinotare, balaaoas the oookir bhias sad greens, 
while the Indian-ink odour, in light oirdea and dalkate spiiaJa 
of moke-grey, tones do'wtf the wbde composition, and aotnsUy 
brightens aii4 purifies its dominant series of oohmra. We 
qng^ not to .to notice & most prsoinus quality these 
rerun wareS’Hbat flnotnation of eolonr, that abeenoe of 

meobritoioal hardness at outline 
and nniformiiy eff tone which 
disttngnishes Mman handiwork 
of the thougfatfnl Idnd from the 
perfectly ocureot and,;thoronghly 
inidpi^work of a maobine. But 
wo must not linger ^y moro 
over our iUnstrationB* of the 
hsmbnies of seijies or relation, 
bnt ooni^ude eur present lesson 
'wiitf a wmrd at two on tbe “ bar- 
monisB of ohange.” 

Harmonies in which 'the se- 
qnenoe or relationship of the 
ooqstitnent oolonrs is indistinct 
or abssnt inolnde piost varieties 
of the harmoniss of contrast, 
^e ohange of tone or oolonr in 
them stay yszy greatly in abmpt- 
ness: In the mogs complex 
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assortments of this olaas it is very dfiflonlt to attam anything 
like on agreeable nnity, for if thero baj^ai^ startling changes 
or contrasts, the effect becomes tiresome and spotty. The har¬ 
monies of ohange beoome more agreeable the more closely the 
rules of judioions distribution and balanoe of oolonr and tone are 
followed. The free nee of separating lines of white, gr^, gold, 
os block is often indispensable.' The value of r^uoed tones 
of oolonr, and of the mixed and tertiary hnes to modify tho 
omdeness of a startling contrast, ia very remarkable. Bnt we 
have already described at oonsideiable length, in Lessons T., 
VI., and VII.,' the principles upon which haxmonions oontrasta 
depend, and so here simpty oonfine enr attention liq twq illnstro- 
tive examples derived from the flor(Q world. 

We might turn to the splendid family of the orchids, witli 
their quaint forms and complex systems of oolonr, or we might 
ohoose one of 'the Maivaceta, snoh os the Abielilon megapo- 

tamieum —a plant in which the 
gl^on of the Imur^a offers a 
violent, contrast with the rod 
'of the vHroUon oalyoes. And tho 
five' bright yellow petals of tho 
corolla ^ contrast again very 
'forcibly 'wfth the violet hue of 
the oentn^ hronoh of o^'ustered 
stoipena—a stertlin^' assort¬ 
ment, bnt very ridi‘'m effect^ 
when completed bytiio opening 
of the flower. In this example, 
besides 'the mere notion of con¬ 
trast, we have tbe idea of re¬ 
petition which resembles that of 
aeriatioif; red contrasting with 
its oomplementory, green, and 
yellow with its complementary, 
vdolot, both the oomplementaries 
^ having, therefore, the third ele- 
Ine, in them. Bnt every flower presentu^ three different 
oolours, may fprvs to illustrate, the harmony of contrast, and 
'WO need not go for for an example. Eveg the quiet violet -with 
its minute orsnge-tiuted eye, the faint green bases of its petals 
odd 'their own oUet hue, somewhere between blue and red, affords 
a coloni^as^tltment of tbe kind under disonasion, the balance 
of wbidb is in a meoenre oomplot^ when the leaves of tho plant 
ore poinded in the series. Similar studieB of other plants 
should be mode; it will eurprise many persons to fiisoover what 
A world of inatrnotion, as well'se of enjoyment, is to bo derived 
from what we may eaU tbe ohromatki analysis of flowers. 

The next Babjecta to be diacuBsed are the modifiaations of 
OQ}onr arising from methods of illnmination and differences of 
straotnro and snrfaoe. * 
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THE STE^M-ENGINR—Vn. 

B7 X H. -Wiaam. B.A. 

BXAK—FASALIiBL' UOTIOH—CBANK—FLT-WKKEl— ECCSKTBIC. 
As WO said in onr last leiaon, dmll first desoribs tbe oon- 
Htmction of a oondensing Beam-enginoi and Fig. 32 repwsents 
a model showing very oloarly the oonstraotiyn and aition of 
the different parts' of >jut engine of this kipa. In aoi^aotnal 
engine the arrangement ^of the condenser, hot>well, and pi^mps 
shown on the lower base is often very oonsidetahly modified, so 
as to snit the exigencies of the special case, but their action is 
not in any wa/ altered by this ohangett 

A portloii; of the side of the cylinder is here shown, reidjpre4< 
so as to'exhibit dear^ the piston and alide-'valTe Vhich we 
bave already desoribao> * !• represents 'the' “ working beam,” 
which is> made Very strong, and is nsnally of great Weight. A 
pivot passes 'thrpogh {t| centre point, and tuns in beatings 
supported bA stwt iron pillarSr or, as is more commonly the 
oaae, firmly bnilil into. 'Ihp masonry of the engfne-honse. This 
beam is carefully balano^, 
so that it may oscillate on 
its bearings 'without a great 
amount of force being ro- 
<}nirod. 

The piston-rod. A, imihuts 
motion 'to one end of this, 
and at first sight it mjght 
spom sufficient merely to 
fasten it. by moans of a pin 
or a common joint. We 
mnst remember, however, 

-that iSie piston-rod has to 
move vertically, np and 
do'wn, and, as We shall easily 
see,' the point of attachment 
to the beam moves in an 
arc, and does not, therefore, 
remain vertically ever one 
spot. If, then, it woe fast¬ 
ened in this way, th^ piston- 
rod trould at once be bout| 
so that it would not act. 

Tho plan originally adopted 
to obviate this consisted in 
fixing an are to the end of 
tho Wm, and attaching the 
rod to 'this by means of 
chains. This plan, however, 
was very clumsy, but the 
difficulty is fully mot by the 
beautiful oonM'vanoe fai- 
vented,by Watt, and known 
as Watt’s Parallel Hotion. 

The pistop-rod hare is jointed 
to a compound rod, d, the other end of which is jointed to 
tho beam. ' 

A similar rod, also lettered d, is affixed 'to tbb beam a little 
way from tho end, aiid a rod, E, is jointed to the end of these, so 
that a parallelogram is formed by tlm three rods and the portion 
of tho beam between the pivots, ^e most important part of 
thb arrangement is another rod, 0 , which is jointed at one end 
to a woll-plato attached to 'the building, or else, as in the 
figure, to a firm upright, n, affixed to some convenient part of 
the engine, and at tho other end'to one of the lower angles of the 
porallriogiam. As will easily be seen, when the beam is n^ly 
at the end of its oscillation, the pivols in it are nearer the 
centre line than'when it is horizon'tal; tho rod o, however, at 
those times pnlls ^e lower ends of D, D in tho other dirootion; 
and thus, when the lengths of the rods aro carefolly adjostedi.A 
moves np and down in a perfectly vortical line. , ' 

To tho oihor end of tho beam -fte connecting-rod, I, is affixed, 
which imparts motion to the driving-wheel of tbo on^^t. This 
is aooomplished by means of a erapk, x, affixed to the axle of 
tho wheel V. oonneoting-rod, l, is fastened to the end of K. 
by a pin passing through both, and turning freely in dno. 
When ia tbe positiop ropresbnted, 'the end of the beam to which 
the oonnecting-rod is attached is rising, and it aooordingly 
waises tho end of K, and sots tho wh^el in rotation. As soon, 

roh. It. 


however, as tbo stroke of th6 piston is oomploted, and this end 
of tho boan^is at its highest pdint, ‘tho eoimocting-rod, i, and K 
bo iiji, the same straight line, a^d it is clear that thou any 
proBsnre, whether np or* down, will merely be transferred to the 
axis of T and the bearings in whieh it turns, and cannot in any 
'way tend to turn the wheel. At this point, indeed, the crank 
loses all its power, and ceases to act. This ft apparently a 
great ^fawbaok, oqd at first sight we should suppose that it 
would cause the niotion of the' engine to be vary irregular and 
,nnovon. The diffiooltyi however, is oasHy overcome. The wheel 
'V'ia made with> v fgy heavy rim, and this serves as a kind of 
reservoir of for^. ' v^en the crank is in its mo<et advantageous 
positian, t(ie*tendency is to increase the speed of the engine; 
esring, ho'wvser, to the weight of tbo fly-wheel, a nery slight in<^ 
orease..is prodnoed. the power being as it were stored np in the 
form of momentnni imparted to the wheal, and ’Uiis momentum 
urges it past the “ dead-points ” as thoy are called, and thus 
renders the motion for all practical purposes quite uniform. 

Itr,i8 manifestly a thing of oanBidei;able importance to have 

the weight of -the fly-wheel 
so adjusted as to bear a due 
proportion to tho' power of 
the engino. If, on the one 
band, it bo 'too heavy there 
'will be a needless addition 
to tho load «f the engine; 
while if, on tho other hand, 
it be too light, the motion 
'will not be nniform. The 
practical role is that the 
power stored np in it should 
be about equal to that pro¬ 
duced by 6 half-strokes. 
Thus, if the steam exert a 
pres.suro of 1 ton on 'the 
pjston, and the lenj;ih of the 
stroke be 4 feet, the power 
thus generated is 0 X4 x 1, 
or 30 tons. Tho we^ht and 
vcl<^ty of tho wheel should 
'therefore be so umngod that 
its momentum is abont equal 
'to this. If, then, tho weight 
of tho rim bo 1 ton, its velo¬ 
city should be that which 
would be acquired by a body 
falling 24 feet; if it weigh 
tons, it should bo that 
acquired in falling IG feet, 
and so on in proportion. 

, Tho machinery -to bo sot in 
motion ia usually driven by a 
strap passing round the fly¬ 
wheel, and then round the 
driving pulley of the shafting. In some cases cog-wheola am 
employed in place of the straps to drive tho first motion. 

z is the eocentrio by which motion .is imparted to the slide- 
'valvo. On the axis of the fly-wheel a circnlar disc of metal, e, 
is keyed in sneh a way that the axis does not pass through its 
oontro) but considerably to one side of it. A ring of brass snt* 
rounds this, so affixed that tho disc can tprn freely msido it, 
but cannot slip out. Tbe rods at the side of z aro fastened to 
this ring, and thns as tho axle rotates, carrying the disc with it, 
the ring is alternately moved to 'the right and.'to the loft, and 
imparts this alternating moyement to 'the eccontrio. Behind the 
cylinder, and hidden by jt, is a bent lever, ona end of which is 
jointed to z, and the other to the valve-rod, f»; and by means 
of this tho alternate motoment of z jpovea the alide-vidve and 
rognlatos tho supply of tbe AtSam. 

Tbe steom-pipo is omitted in toe figtire, bnt it entcr.«i the 
valve-casing as in Fig. 31, and the exhaust leads to tbe con¬ 
denser o, seen under toe oylibdor, whore toe waste steam is 
eondensod; and vhennm thereby produced. In this 'way 
there is scareely any resistance on the exhaust side of toe 
piston, and too full ^asure of toe steam is commtinicated 
to the beam throngb too piston P and piston-rod. 

desoriprion of too remaining portion-of toe stoom-engine 
must be deferred to our next lesson. 

2S 
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THE mOBmOAZ BDtPCATOE. 


iAfPllJED MBOHAHZCS.^X. 

ST BOBSBT STJLSrBLIi SAXib, M.A^ 

VtohUBOt at A]n>lied ibtluaatftioi uul Bojkl ticdlega of 

Sctoaoe, ’ 

THS, SHEAIUNO JUACBINE AKD^PUNCHINa MACHINE. 
In tho laat leoson wo briefly dogorfix^ the most important took 
‘used in the suumfactnro of Nronght i3rg[n<^naine]y, the stefun- 
hammer and we rolling mills. In the present lesson we shall 
doioribe the other took whioh ata.^ the ntsiost utiliiy in the 
subsequent treatment of Ntonght 
The plates of iron which or^roduoed by tho rolling-milk are 
fk^tined for various purposef. Tho best of them are employed 
for boilers; others are used for making iron ships, iron girders, 
and multitudes of minor uses. The iron plates for which the 
, punching and shearing machines are used vary in thickness 
from ordinary sheet-iron up to nearly an inch in thickness. 

The shearing machine, as its name indicatos, is 
employed in trimming tHb edges of platos, and in 
ontting thorn to tho required sizes. The punching 
maohino k employed for the purpose of making 
holes in the platos, by which they can be attached 
together with rivets. The nsual form of rivet is 
shown in the annexed figure (Fig. 1). It oon^s of 
Fig. i. cylindrical shaft, a^ one end of which is an hemi¬ 
spherical head. The rivet is heated red-hot, and 
is passed through holes in tho plates which are to be united 
togothw. The worieman then strikes the projecting cylindrical 
end with a hammer, while his assktant holds a heavy weight 
-Against the head to prevdnt the rivet being driven out by tho 
blow. A second hemi^herioal head is thus formed on the pro¬ 
jecting end while the rivet remains red-hot, and as it cook, tho 
contraction of tho red-hot iron draws the plates together with 
prodigious force. The appearance two such plates present 
when tjveied together k shown in Fig. 2. ‘ 

&nce thk is* tho universal method of attaching iron plates to 
eaok other, it follows that some oonvouient and rapid method 
of producing the naoessary holes in the plates k a matter of 
neoessity. This will be evident if wo remember that ver^ many 
thonsajids such rivets ore used in the oonstmotion of on iron 
ship, and each rivet requires two, or somotimos a greater number 
of holes. 

To meet this .want tho punching machine haa boon devised. 
It k Boniewliat vsnod m form, to meet the exigencies of 
diSorout manufactures, but it is substantially 
in all cases a combination of two dktinot 
moohanical prinbiplcs, the 'fly-wheel and the 
lever, "^e latter wo have ahwa^ considered, 
imd it win now be neoessai^ to give a desetip-' 
tion of tho former, and an aooonnt of tho 
moohanical principles npon which its use de¬ 
pends. 

Tho fly-wheel k generally a cast-iron wheel, 
with a very massive rim. It is mounted on on 
axle, and has motion communicated to it by a 
steam-engine. Tho fly-wheel is strictly a reser¬ 
voir of power. It k a store into which the 
engine pours its energy, to bo withdrawn, as 
Fig. S' ooonsion may require, by the machine which is 
in nae. A little consideration will be necessary 
in order to understand the amount of work that a fly-wheel 
moving with a given velocity is capable of storing up. 

Wo have already explained in the lesson upon the hammer, 
that if a body whose moss contaisg m x>onndg be, moving with a 
Tolooity V/ the number of foot-pounj^s of work which have been 
employed to produce this votodty, and therefore tho number of 
nnik of work that this body will give out before it comes to 
rest, is— 



Wo fdioll BOW apply this result to determine tho number of 
units of wtek in .a revolving fly-wheel. 

Let« be the angular velocity of tho fly-wheol. The a-u giiinT 
Telocity of a body k the number of angular units through 
which it turns in the unit of time. Thus, for example, if we 
say the angular'telooity'of a body is 3, what k meant is, 
that it.tunMi through throe times the angular unit in one 




second. Now ft wfil be ueefe, by nfacrfaig to the kssons in 
Trigonometry, that the mgeia ssiit it 20fl,26S seoonds s and 
therefore, whm a body has an aagolar Telooity of 8, k tums 
in one second through 206,265 X S seoonds, and dividing tins 
qnmtiiy by 60 x 60, we find the^^nnmfaer d^gkeet throt^h 
which ..i^e w;haol will move in one second. 

It fallows, the defluitiw of angular velooKy, that if B 
^ the radius of the wheel, the actual reloaity at any point On 
ita*oireumference k nB. 

If tho wheel be large, wo may, without appreciable error, 
assume all pojnts in its rim to be moving with the same 
velocity. 

^t ni be the number of pounds in the rim. Thw the mass 
m is moving wiifc tho velocity nB, and therefore the total quan¬ 
tity of work B^ed up in the wheel when revolving i^— 


In order te give an application of-ihkformula, we shall apply 
it to tho following problem:— 

A fly-w^pel twelve feet ia dmmeter, whoso rim weighs four 
tons, revolts four times in a minute. It k required to deter- 
min^tfae'numbei;,of units of work which it contains. 

Since- the fir^eol turns round onqe in fifteen seconds, its 
angular T^odty is— 

3 X 22 

.1 JLff = 0-42. 

15 X 7 


Therefore the velocity of thq rim ia— 


0-12 X 6 = 2-58. 

We have then a mass of four tons moving with a velocity of 
2'52 feet per socoud. Tho quantity of work stored up k 
therefore— 


6960x!i®?L‘=, 

64 


Hence 889 units of work most have been expended in order to 
get up thk speed in tho wheel, and a similar quantity will be 
given out before ilie wheel can oome to rest. 

It is usual, however, to give the fly-wheel a much higher 
velocity than in tho exampk we 'have taken ; and the higher 
the velocity, the greater the quantity of work. This will be 
evident from the expression for the work, viz.— 



for thk varies proportionally to —^that is, to the square of 
the angular veloriiy. 

Henoe, if we mcreaso the speed of a wheel to double its 
amount, we qua^brn^e the quantiiy of work that it coutainB. 
If the wheel we na^lbeen oonaidering revolved twenty times in 
a minute instead of four times, tho quantity would be increased 
25-fold, and would beoomo 25 x 889 units. The fly-wheel 
whioh is used in connection with a pnn<flung machine k small, 
but revolves with a very high velooiiy, and so k capable of 
holding a large store of work. 

Let us suppose a wheel of 2 feet in diameter, whose rim 
weighs 2 cwt., and revolves five times in a second. The 
angular velocity k therefore— 


10 X ^ = 31-4. 


Hence the quantity of work stored in the wheel 


824 


(31-4)* 

64 


= 3451. 


Thk wheel is therefore capable of raising a load of 8,451 lb. 
through one foot before it comes to test, or a pressure exceeding 
two tons most be exerted through one foqt by maohinery con¬ 
nected with this fly-wheol before it is brought to rest. 

We shall now Im able to understand the use of a fly wheel 
in maohinery whioh, like a shearing miutoe, has occasiottally 
to overcome a very largo resistance. The engrino accnmulates 
a vast store of its energy in the rapidly revolving fly-whori. 
Before tho maohine which .oxperienees the resktanoe k in 
action, the motion of tho fly-wheel beoomes aoeolerated. 'When 
the maohine comes into action one of three things mnst 
happen; the fly-wheel must be stopped, or tho maohine 
mnst be broken, or resistonoe mnst be overcome. Btit 
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{he fly'>irlieel oaimot be etofiiied astil it baa ponced forth 
all the energy whioh it wedf of oobm^ tiu dnaeneiaiui 

of the fly-wheel and- its -ndooity aice na pK^odaened that its 
atoie 4^ energy ehdl be ample for the -vod;. Kor ean the 
machine be broken; for maohiBeB of this olase are always very 
maselTei in consideration of the vast strains to which they arc 
liable. It follows, ^erefore, that the renstance must be 


overcome. 

The general appearance of a Rearing machine will bo nudor- 
stood from Eig. 8, whioh is the representatipn pf one of tho 



the first order, a o B, which has its fnlcrnm at c, tnc( centre 
about which it turns, wlulo tho power is applied at the &id a, 


~ X t4,800 « m. 

Hence, for eacA cperatfoir-of shearing-, a nambar of imita of 
work not asoeeding l,00o is abstraotad from the energy atered 

np h) the fly-wheeL « 

The operation of pnnoh- 
Pte>* ing is in mshy respects 

analogons to ^at of shear¬ 
ing; in ftot, punching con-* 
sista in shearing out a 
cylindrical piece from a 
plate of iron. The im¬ 
portant part of a pnncbihg 
machine will bo understood 
^ from Fig. 5, in wbidi ab 

is the plate of iron throngh which a hole is required to be 
made; F is the punch, which is made of hardened steel; c d is 
the block, and b the roi^a into which the piece of metal is 
forced from the plate. ' 

The punch, F, is depressed, by means of a fiy-wheel cam and 
lever, in a manner analogous to the shearing machine; tho 
quantity'of work absorbed in punching a hole cgn also bo 
estimated in the manner already described. 



and tho resiatanoe is eneonntored at tho end b. At the end a 
is a roller, whioh turns around an axis, and ia a means of 
diminishing the friction, which wonld otherwise be inconvenient. 
The roller, i>, is acted upon by a cam, F. This cam consists of 
a oiroular piece of iron, which is mounted exoentricnlly at U. As 
tho axle k revolves the cam gradually elevates the roller, and 
thus applies the power to tho extremity of tho lever. After 
the roller has reached its greatest height, the weight of the | 
lever is sufficient to bring it down when, by the revolution of I 
the cam', its descent is possible. In this way the oontinnous ' 
rotation of tho cam gives a reciprocating movement to tlie j 
lover. At the back of tho cam is shown tho fly-wheel, f'. Tliis ' 
is monnted on the same axle, h. Tho engine, or other sonreo of ! 
power, which gives motion to tho axle, is not shown in the 
figure. At the end b of tho lever is one jaw of tho shears, k ; 
the other, l, is firmly attached to tho stand. Whenever tho 
roUor J> is raised, the jaws are closed, and tlie piece of iron or 
other body that lies between tho jaws is severed. 

Let ns suppose that a bar of wrought iron one square inch in 
section is required to be sheared across. It has been found, 
as tho result of numoroas careful experiments, that an average 
pressure of about 20 tons is necessary. It is very remarkable 
that this ia abont tho same force as would bo required to tear 
tho bar across by extension; a little consideration will, how¬ 
ever, point out why this should be so. In each case tho same 
number of particles of iron have to be separated from each 
other. 

On the scale whieh wo have need for the figure tho mechanical 
advantage of tho lever is about six-fold. Hence it will be 
necessary that tho end A of tho lever bo prossod upwards with 
a force of about 3 tons, or a little more, in order to cut the 
bar across. 

We shall also bo able to form an estimate of Hio number of 
units, of work whioh will be absorbed from the fly-wheel in tho 

operation of ahoaring. A pros- 
IjHI I sure of 20 tona—^that of 

Hi ao X 2,240 = 44,800 pounds 

' f —^hns to bo exerted through a 

certain distance. It is not very 
• Illi easy to ascertain what that 

I H • distance is; it must be less 

PW than one inch. This will bo 

evident from Fig. 4. In this 
A B arc the edges of the shears; c u is the bar whiob is ex¬ 
posed to their action.. Now it is evident that almost imme¬ 
diately after the out of the shear commences the iron must bo 
divid^ completely eorose; honoe tho force has^ only to be 
exerted through a space whieh we may certainly assume does 
not exceed <me quarter of the total thioknosa to bo out. Tho 
force of 44,800 pounds has, therefore, only to be exerted tiirongh 
the epaoe of i^ili part of a foot; oonaequently tho total number 
of units of work isr- * 
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DBAWINO FBOM BOUGH SEETCHEB (contittued). 

In this lesson some further examples are given with the view of 
affording the student additional practice in setting ont work to 
a scale, instead of merely measaring the Unes from copies. 

It ia again, however, necessary to mention that these are 
rough, sketches, such as might be given by tho head-engineer 
(though these wonld in most cases bo rougher stUl), or as might 
bo taken from tho object, to be afterwards made into ooiiect 
drawings. 

Tho proportions ore only, therefore, generally correct. The 
figures, not being drawn to any particnlar scale, must not be 
depended npon as copies; the subject is, therefore, to be worked 
aooording to the measurements marked upon them. 

Fig. 260 is the head of a ainneeting-rod of a locomotive 
passenger engine. 

Tho construction of connecting-rods generally wQl bo fonnd 
in tho lessons describiiig the details of an engine. It is only, 
thereforo, necessary in ^ia place to give tho names of tho parts 
and the method of drawing them- 

A ia tho rod-end; b, the end of the axle; c, the outside of 
the brasses; d, inside of the brasses; e, oil-cup; F, cotter; 
a. gib; H H, set-BcrowB to keep tho ootter from moving. 

As usual in all objects whiob are symmetrical, a centre line 
should be first ruled. 

Starting, then, with the line a h, and this having been made 
41" on each side of the centre line, tho complete block forming 
tho head of the connecting-rod is to be drawn. 

The oro at tho top is struck from a centre situated at e, 
whilst its mooting with the sides of tho block ia rounded off 
by two smaller arcs struck from d, d. 

Tho lines forming tho inside and outside of the brasses are 
now to be drawn, and tho axle-end, the centre of which is 7^* 
from a b, and tho radios of which is 2". 

Tho oil-cnp, gib, cotter, and set-screw will now follow, and 
the line a & ia to be nnited to tho rod-end by arcs. This 
example should bo drawn to the scale of C inches to tho foot, 
or lialf real size. 

Fig. 261.—The subject of tliis lesson la a section of a stop- 
cock, drawn to abont half tho real size. 

A stop-cook ia an arrangement by which gases or liquids aro 
allowed to pass, or are at pleasure prevented passing, through 
pipes, or from, any rcceptaolo in ^hich they may be contained. 
They consist of a, tho cook, b, tho -plug, and c, the handle, 
whioh in some coses forms' the upper portion of tho ping, 
placed at right angles to its axis, and in others (as therreaeni) 
is simply a lover pierced with an aperture of tho sonio shape at 
tho top of the plug, whioh may be removed when desired. 

Stop-oooks are generally mode of brass, composition metal, 
or o^st iron. Tho cook ia formed with or without flanges for 
attachment to different pipes, ves.sols, boilers, etc. Tho above 
example terminates in a screw working in a plate. In this view 
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tlie tap ii turned “on,” bo that the hole through which the the subject. The thiolenesB of the metal ia Ihis etop'Oook 
liquid would pass is shown in dotted lines. should be drawn to its full scale. 

The plug is oonical, so as to fit better in its seat, the part fig. 262.—^This is part of a cogwheel —a name generally 
which reoeiTes it being turned out so as to correspond with the understood to mean a wheel in which '^e teeth ate of 

conical surface. The plug is also kept in its place by a nut wood and mortiBed separatdy into an iron rim, in oontradis* 
r. working in a screw formed on its lower end, B. tinction to spur-wheels, in which the teeth m of iron, and form 



Ibrlng drawn the perpendicular from the back of tliu plate a part of the rim itself. These wheels were in general use in 
into which the cock is screwed, and also n perpendicular for the large machinery before the introduction of oast-iron wheels, and 
oentral line of the plug at 21" from it, draw the external lines are still very common in mills. The cogs are kept in thoir 
of the straight part of the tap ; these merge into the quadrant places by pins placed inside the rims, or by koye placed between 
'stmek with a radius of 2". their ends. In regard to sndi wheels, Professor Willis says 

The ping is now to be drawn ; its length without the flange ^ (” Meohanism,” art. 55) 
at the top, and the screw at the bottom, being 21- inchhs; its ” The above oonstmetion of a toothed wheel has been rartly 
gmateet width, and its smallest width, an inch. The imitated in modem ncUl-work, for it is found that if in a*pair 
handle-flanges and other details will now follow and complete of wheels the teeth of one bo of oast-iron', and in ihe other of 








TECHNICAL DEAWING. 







Fiff. 2C5. 


i iticWs «• s fa 7 


t 13 II la. 


oeive tbemt a cast-non wheel with morUeee in ite rim is em¬ 
ployed.” 

^ the present esomple the radins of the pitch ie 1' 3"; there 
are 6 arms and 48 tooth. This study ehonld bo worked to the 
scale of 3" to the foot. 

One the cogs is separately shown on an enlarged scale in 
Fig, 263. 

e Fig. 264.—^Thie is a half-elevation and half-section of a cone- 
in or Bpeed-puUey. As the aotion*if this arrangement will 
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The form of the edge of each pulley is slightly convex, in 
mrder that the strap may remain upon the discs, the tendency 
of the belt being to rise higher rather than to slip oil. 

The section shows how the interior of tho cone is cost, the 
angles being rounded in order to strengthen it. The back plate 
is attached by screws work^g in solid pieces of metal cast in 
the rim of the larger pulley. 

Wiis subject should be drawn to the eealc of i of an inch to 
I an inch. 
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MBCHANICAI. DBAWIXO (continvid}. 

Fig. 265 ia the plan, and Fisr- 266 is the elevBftion, of a bwel- 
wheel; 

It will be easily understood that, althongh apur-wheeb (U-o 
otnployod to transmit motion from shaft to shaft, they Qan only 
do so when the shafts are parallel to each other. 

When the shafts ore inolined, or form any angle with each 
other, the wheels must become portions of cones to roll on 
other, and are called brvel-wh^elx. ‘ 

In order that such wheels may work noourately, tiie shafte or 
axes of any pair working together should be situated in the 
same plane; in this case the axes will meet in a point which 
will be the apex common to both the cones of which the boTol- 
wheels ore portions. 

It is sometimes, however, convenient that the axes of the 
bevel-wheels should pass close to each other, without intersoot- 
ing: they are then known as slxw-bevds. 

When the cones are equal and the axes are at right angles, 
they are called mitre-wheels. 

I In h'ig. 2G5, A is the pitch-circle, or base of the cone of which 
the mitre-wheel is to form a frustrnm; and in Pig. 200, a' is 
the elevation projected by perpendiculars from it. 

From botli ends of the lino a' (as b) draw lines at 45®, meet¬ 
ing in a point n' on the central perpondioular. 

Now with radius b' b describe an are which will bo a portion 
of tlio development of the cone forming the underneath sido of 
the bovol-whoul; each bevel-wheel boiug, as it were, made up of 
f rustra of two cones meeting tlio point of the teeth ; tlio apex 
ol the one belug at b', and of tho other at C, obtained in the 
same manner, by drawing linos at 45° to the elevation of tho 
]dteh-cirolo. 

Divide tho piti h-cirele, A, in tho plan into pitches, and sot off 
in these tho tooth and spaces. At b, draw a tooth as it would 
really bo if tho surface of the cone were developed or sx^rcad 
out. 

Lines drawn from the xioint, tho root, and base of tho rim to 
<’, will give tho points », E, and f on llio line B. From these 
points draw horizontal lines which will give tho olovations of 
the oirclos on which tlio points and roots of tho tooth will bo 
situated, and t,£ tho base of tho rim. 

Project the elevations » and E on the idan—viz., the semi¬ 
circles »' and e'. The plan of tho circle of whiph E is tho ele¬ 
vation, r not being required iu tliis view, is omitted. 

From V (on each side) draw a line to tho apex, c, and on this 
set off J> d, tho length of tho teeth. This is generally taken 
at two, or two and a half intrhcs (the former in tho xjresent 
example). 

hkom d draw a lino parallel to n E —viz., d d\ Prom b, e, 
and r draw linos to c, cutting d d' in h, e, f. From these points 
draw horizontals, whioh will give tho elevation of tho pitoh- 
circle, points, and roots of tho tooth at tho narrow end of tho 
bcvol-whcol. Project these intb tho plan, and so obtain tho 
semicircles J', h', c', f. 

Set off within tlio teeth around tho oirclo d' iu the plan, tho 
width of tho point g h, taken from the dovolopmon tshown at 
the side of tho clovotion—viz,, s' h' —and from those points 
draw lines to tho centre of the plan ; those radial lines extend¬ 
ing only between the cirolas »' and d', as g i and h j. 

Join g' and h' by means of ares to h and I. (tho widths of the 
tooth already sot off), and from k and I draw as far as the circle 
c, tho root of the tooth, passing through tho latoh-cirolo of tho 
npxior end of tho teeth in m n. 

Join m and ii to i and j, and this will complete this portion 
of tho plan. 

It only remains now to project aU tho points of teeth, as g' h', 
on the Ifaio i; (h'ig. 260), by carrying up porijondicnlnrs from tho 
plan to meet tlie corresponding linos in tho elevation.. This is 
shown by dotted linos in tho iltnstration. Tho arms and shaft 
ore then to bo added in plan and elevation. 

A soalo of fool and inches is appended to Figs. 2C5 at'd 2G6, 
from whioh the diagrams have been constructed, and which 
may be used by the learner to ascerfaiiit tho rdativu dimensions { 
ol' tho different parts of tlio buvel-wheels as shown in tho | 
•littgrams. His own drawing, however, should not bn made 
from the scale that wo have given, but from one of his own 
cmistruotion, Iho moosuroments fii the diagraras being aaoor- 
i aiued from our soalo, and then mode in his own drawing from 
lu.-! own tcalft . i 


^ Professor 'Wbiohtsos, BcQral Agrioultuml OoUeM Cirwoester. 
WATEBINO BAND BT ABTIFICIAI. UBAEg. 

Teat tho praotioe of irrigating, or artificial^ watering load, 
has been practised from the most ancient times, there is no 
doubt. It would occupy more space than we can afford, as 
well as carry us into questions whioh it is not our object to 
discuss, had we to pve a detailed history of the art. It must, 
therefore, suffice to mention that in Egypt, where the annual 
overflow of the Nile early taught the lesson, in Persia, in 
Palestine, as well as in India and China, and later, in Eoman 
agrioolture,' irrigation occupied on imiiortant place. In hot 
and arid oountrics, indeed, it is positively essential, while iu 
the more temiierate climates of Western Europe it is a valu¬ 
able moons of inoreasing the produotiveness of land. This 
praotioo outlived the fall of Bomon oivilisatiGu, and under tho 
direction of the monks of tho Middle Ages was carried on with 
Buocoss. It is supxiosed by some authors to have been intro¬ 
duced by the Moors into Spain, and from thonco to have been 
re-introduced into other parts of Southern Eurox>o; but more 
probably it lingered in !£^gland, as well as in parts of France, 
Sxmin, and Italy, from tho time of the Bomans, and as civilisa¬ 
tion progressod, and groator attention was devoted to the arts 
of agriculture, its extension would be secured. 

Iu Italy irrigation is carried out on a truly grand scale. Tho 
waters of the Fo, tho Adige, the Tagliamcnto, and all tho 
minor streams are emxdoyod for this purpose, and there is no 
country which poss isscs a greater extent of rich watcr-nioaclow 
than Lombardy. The entire country, from 'Venioo to Turin, 
has boon spoken 'f ns one groat water-meadow, and yet irriga¬ 
tion is not there confined to grass lands, but ia used in tho 
cultivation of rice, vines, and other crox>s. 

Publio attention was first called to Ibo importance of in-ig:!- 
tiou in this country by Bobert Vanghaii, who xmbltshed a ivork 
in 1610, OTititlod so lengtliily, that wo only give llie first few 
words:—“Most Improved and Loiig-exjiorienced Water-works: 
containing tho Manner of Summer and Winter Drowning of 
Meadow and Pasture,” etc. Among tho oarhest establishcd-wator- 
mcadows are those of Wiltshire aud Hampshire, which wero 
made between 1700andl710. These meadows wore not, howovc!, 
laid out upon tho best principle, and subsequently undorweut 
considerable improvement. In tho latter part of last century tho 
subjeot of irrigation was again takun up in a treatise by Gc('rgo 
Boswell, published in 1780, and a sorios of papers followed by 
tho Bov. T. Wright, of Auld, in Northants, piublished from 1789 
to 1810. InstancoB are also on record in whioh irrigation was 
used in tho cultivation of com as well as gro-ss in two parishes 
of Forfarslure and Aberdeenshire; but until very recently it 
was almost oxolnsively applied to grass in England, and tho 
history of irrigation in Scotland dates from even a later time. 
In 1794i’5 tlio Highland and Agricultural Society brought a 
practical irrigator from Gloucestershiro, and several extonsivo 
proprietors set on example by forming irrigated meadows. • 

The subject of irrigation ie extensive, aud when we remember 
its various phases, and the numerous questions conneotod with 
the soils and sitnations where it may bo employed, tho water.s 
most suitable for tho purpose, tho pgassos and other plants 
whioh it benefits most, and the general management of water- 
meadows and irrigation works, it will be soon that there is 
material for volumes. Add to this the important aspoot of 
irrigation os oonnoctud with tho utilisation of the sewage of onr 
towns, and some idea will be obtained both of the im])ortanco 
and extent of tho subject. In these pages we propose to touch 
briefly upon all tho above points ; but ospooially upon tho last, 
namely, the utilisation of sewage. 

With referenoo to tho various kinds o* irrigation, the water 
may be applied either upon tho surface, or from boneath. Super¬ 
ficial irrigation may be natnral, as in the proximity of rivers 
whioh periodically overflow tboir banks ; or artifioial, by which 
is meant the conveying of water by channels so arranged as to 
distribute water evenly over the surface of land. The methods 
of doing this are controlled by the contour of the ground. In 
most cases the land is formed into beds or broad ridges, raised 
in the centre. The water is brought by a main “ carriage,” or 
ditch, and ia allowed to flow into shallow trenches along tho 
tops of tho ridges. X^eae trenohos being full, overflow, aa^<i.bo 
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mtet triokles down the ddoB of the ridges, flndinif itp way a state of solution are absorbed by the soil and the roots of 
into gntters provided for the purpose between the elevated plants, and minister to their wants. In on earlier paper we con- 


"{raes or ‘'stetohes." The meadow is so laid out that 
while the oaniago guttexe on the tops of the ridges bring tlie 
water on to the meadow, the gutters iu the hollows between 
t^the ridges serve to oarry it off into the brook at a lower level. 
The aooompanying fignro will render this arrangement plain. 



A, uam oorosa river; ii, muin carrier; c, water ’..B KUtterr; tl, dra'u- 
ing’ ffuttars; it, luoiu draining putter. 

■VTlioro the Iniid has a uniform slnpo the “ catch-vr.iler 
nyatoni of irrigation may ju fnlKwod. lt< uatuh-w.tter mcadow.s 
tho wat?r is :iI'owe.1 to 'lo.-. .m to tim mi/ht clovati-d )>ortion of the 
irror."'! l-y nieiinsot ,i *• Ici dor," and as itovcrliows, and sucks a 
loT., i.'vci. itog.oiii collected by a sooond feeder, whioli cros-ses 
the ’.nr of proatost declivity, and ro-distributcs it over a still 
lower iraut. Thus tho water finds its way across a succession of 
feeders, each of which is a now jiobit from whitb it is distri¬ 
buted. In either of those two methods ' stojt.i" arc used in 
order to control the flow of tho water, these stoi!.-, iiuing ci.m- 
poBod of boards placed across the feeders, or of sods placed so 
as to block tho passages, and cause tho water to overflow at 
the particular point rc<iuirod. 'VVatcr-mcadows maj l o formed 
wherever there is a constant supply of water, in dry ns well as 
moist seasons, whore tho water is not required for mills or 
other purposes, and where tho water “ rights ” are clearly 
dhfinod so ."I.S to allow of tho appipfiriathm of the stream for 
the purpose of irrigation. 

The oloaror tho we ter, the better for tho purpose, and this 
at once marks a, distinct differonco between “ warping ” and 
irrigs/tion. Tho former operation is in nso in tho ertremu 
south-east of Torkshiro and north-east of Linoolnshiro, iu tho 
proximity of the Humber. This and other rivers carry down 
vast quantities of mud from tho interior of tho country to the 
sea, the rosuH being a deposition of allurial material at thoir 
joint estuary. So considerable is this accumulation, ihnl a 
long tongue of nowly-fcrmed land prolongs the sonth-oast 
oxtromii.y of Yorkshiro far into the ocean, and a lighthouse has 
been removed nearer to tho sea throe times within a vciy sliort 
historic pei’iod. TfHs then is a case of natural warping, and by 
direetiug tho flow of mud-charged waters on to lands adjaccut 
to tho river, tho deposition is regulated according to tho require¬ 
ments of man. The rise and fall of tides assist in this opera- 
tion, enabling successive floods of water to be poured over the 
portion of land embanked for warping. Thus, in a year, from 
one to throe feet of soil of superior quality is eccumalatod. 

In irrigation, the presence of mud or other susjirnded matter 
in the water is not desirable, sinoe the deposition of fine 
fiortioles on the leaves of growing pleats would interfere with 
their functions and retard their g^iffth; while subatances in 


trastod the two operations of drainage and irrigation, and at this 
point it may be well once more to point oat the true functions 
of water when used for the latter purpose. Stagnant water, the 
enemy against which tho drainer strives, is a “dog in tho 
manger,’’ uselessly ocoupying tho interstices of the earth, keeping 
out the air, and, by its evaporation, rendering the land oold. In 
irrigation, on tho other hand, it is essential that the fleld should 
be in the first place chiored of stagnant water, either by naturifl 
or artificial moans. It must be dry, or drained. Next, from time 
to time a sheet or layer of moving water is allowed to find its 
way over its snrfaoo, carrying with it nourishment for plants, 
in many oases a higher tomperatnro, and dissolving and render¬ 
ing available tho mineral wealth of tho soil. Such, in few 
words, is tho theory of irrigation. 

Lot ns now glance very briefly at tho general management of 
such meadows. The water is allowed to flow over the snrface 
in winter and in summer, and provision is mode for this by a 
proper arrangement of sluices. According to Mr. George 
Sto|ihonson, ilie meadow should be periodically watered from 
October to January. Each watering is continned for fifteen 
to twenty days without intermission, and at the expiration of 
each of those periods the ground should be made completely 
dry for five or six days, to ffirc it air. Mr. Bravinder, <rf 
CircncestoT, who has the most intimate knowledge of the 
working of these meadows, says they “produce (after "the 
winter’s watering) an early and abundant supply of grass 
fur owes and lambs, and other stock, which is exceedingly 
nseful in tho spring. Tho custom is to consume the first crop 
by keeping sheep on the land till May, when other grass and 
green crops are ready to take tho stock. The water is then 
turnoj on again, and subsequently a second crop is produced, 
luid mown for hoy about tho latter end of Juno or beginning of 
July. Tho water is turned on a third time, and tho aftermath 
which succeeds is fed off, which generally lasts till Christmas.’’ 

Iu all this, great oarc is requisite in keeping the water-oourscs 
clear, and regulating tho *• stops,” so as to cause the water to 
flow evenly over tho entire surface. Again, in severe frosts tho 
watering must be discontinued, as by persisting in allowing water 
to flow at such timos the temperature of tho ground will be 
injuriously lowered. Usually, in districts where water-meadows 
obtain, a considerable extent of tbcm is oommitted to tho care 
of an experienced man, who both keeps tlio channels in good 
order and regulates the supply of water. 

In conclusion wo must briefly notice one of the most bold 
attempts at irrigation, under difficulties, over attempted in this 
country. Mr. Campbell, of Buscat Park, Glouoestershire, oon- 
oeived tho idea of pumping water from the Thames (which 
skirts hi.s propei'ty) to the highest point of his estate, and 
allowing it to fall from thence by gravity, and fertiliso a 
largo area of land. In order to carry out this suheme, a 
“ plant ” of no ordinary kind was required. A gigantic under¬ 
shot wheel was ploood anross the Thames, which is not a 
very formidable river at that point; tiiroo powerful pumps, 
worked 'by tlio said wheel, were erected for tho purpose of 
sending a coustaut stream of water bj' largo iron piping up 
to n reservoir, or ai-tificial lake, twouty-fivo acres in extent and 
sixty feet deep, seooped in tho Oxford clay. Descending from 
this huge reservoir are delivery-jiipes, carrying tlio fertilising 
fluid to those iiarts of tho estate whore it is required, and where 
it is further distributed over the snrfaoo. Some hundreds of 
acres have thus been irrigated, and splendid crops of Italian 
rye-grass have been tho result, giving food to an immense 
number of sheep. Such is a very general sketch of tho system 
of irrigation proposed, and, to a great extent, now in ojicra- 
tion at Buanat Park. It is a grand idea, carried out with 
immense energy and great expenditure of capital. 'Whether 
suitable to tho climate of this country, or likely to ba re¬ 
munerative, arc questions which time alone ran answer. In 
the case now under consideration tho results obtained have 
been satisfaetory, a.s exhibited iu the production of heavy crops 
of Italian rye-graas, which would not have been nearly ns good 
had it not been for the fertilising properties ol the water which 
was thus boldly diverted from its original coiirae. and turned 
over tho land. It still remains, however, to bo scon if tho 
increased crops thus obtained will afford a sufficient return for 
tho great outlay necessary in tho first instance. 
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DECOEAMVE DESIGN. 

BsiroBE tre pass ftom a oonsidoration of fnmitore and cabinet' 
work generally, wo must notice a few points to which we have' 
M yet merely referred, or which we have left altogether nn- 
notioed. Thus we have to ooneider upholstery as applied to ' 
works of fnmitnre, the materials employed as oovetinga for 
Beats, and the nature of pioture-frames and ourtain poles; wo 
must also notioe certain general errors in furniture, strioily 
80 called. When examining certain wardrobes and cabinets in 
the Intematiomil Exhibition of 1862,1 was forcibly impressed 
with the structural truth of one or two of those works. One 
eapeoially commended itself to me as of a fine structural 
efaaraoter, while of olassio formation. Just as I was expressing 
my adnuration, the exhibitor threw open the doors of Iub well- 
formed wardrobe to show me its internal fittings, when, fam^ 
my feelings at beholding the first door bearing with it, as it 
opened, the two pilasters that I oonoeived to be the supports of 
the somewhat heavy cornice above, and the other door bearing 
away the third support, and thus leaving the superincumbent 
nmes resting on the thin sides 
of the stmotnre only, while they 
appeared altogether unable to 
perform the duty imposed upon 
thettt. ‘..‘'Horrible ! horrible! *' 

Was all Leonid exchum. 

Seme of the most costly works 
«f furniture shown by the French 
in' the last 'Paris International 
Exhibition were not free from 
this defect; and this is strange, 
for to the rightly oonstitutod 
mind this one defect is of such 
a grave oharocter as to neu¬ 
tralise whatever pleasure might, 
otherwise be derived from con¬ 
templating the work. We seo a 
mhn, a genins perhaps—a man 
having qualitiea that all must 
admire; but ho has one groat 
vice—one sin which easily besets 
him. While the man has excel¬ 
lent and estimable qualities, we 
yet avoid him, for wo see not 
the excellences but the vice. It 
is so with snob works of fnmi- 
ture OB those of which we have 
been speaking, for their defects 
are snch as impress us more powerfully than their exooUcncos. 

Boapeoting those works of fumitore, this should bo said: 
they are more or loss imitative of works of a debased art 
period—of a period in which structural truth was utterly dis¬ 
regarded—yet this is no reason why we should copy the defects 
of our onoestOTB. 

Infinit-ily worse than the works just spoken of, is falsely- 
oonstmcted Gothic furniture, where the very tmthfulness of 
stmetnro is openly set before na. Not long sinee I was staying 
with a olient whoso bouse is of Gothio style. Being about 
to furnish drawings for the decorations of this mansion, I was 
oarefully noting the character of the architooture and of the 
furniture, which latter had been designed and manufactured 
expressly for the house by a large Yorkshire firm of cabinet- 
m^oiB. The structure of ti»o furniture appeared just, the pro¬ 
portions tolerably good, the wood honest, and the inlays 
judidons ; bnt, can it be imagined, the whole was a mere sorios 
of frauds and shams—the cross-grain ends of what should bo 
supports were attached to the fronts of drawers, pillars came 
away, and Bueh falsity heoame apparent as I never before saw. 
How any person oould possibly produoe snch fumitore, bo ho 
ever so degraded, X cannot think. I have seen works tlmt are 
badj I have seen falsities in art, bnt I never before saw such 
falsity of stmoture and such nnealled-for deception as these 
works presented. The nntrae is always offensive j hut when a 
special effort is mode at causing a lie to appear as troth, a 
double sense of disappointment is experienced when tiie un- 
truthfulncss is discovered. 


In his work og “ Household Taate,’‘ to whioh wo have before 
aUudod, Mm Eaatlake objects, and I think very justly, to the 
oharaoter of an ordinary telesoopie dining4able. He says s 
“ Among the dining-room appointment!, the table ia an artiole 
of furniture which stands greatly in need of reform. It ia^ 
generally made of planks of polished oak or mahogany, laid 
upon an insecure framework ^ tiie same material, and sup¬ 
ported by four gouty legs, ornamented by the tomer with > 
mouldings whioh look like inverted oupa and saaoms piled upon 
an attio balnster. I call the framework inseonre, bemuse 1 am 
deseribing what is oommonly called a ' telesoope ’ table, or one 
which eon be pulled out to twice its usual length, and, by the 
addition of extra loaves in its middle, aocommodate twice the 
usual number of diners. Such a table cannot be soundly made 
in the same sense that ordinary furniture is sound; 'it must 
depend for its support on some contrivance whioh is not oon- 
sistent with the material of whioh it is made.t Few people 
would like to sit on a chair the l^B of whioh slid in and out, 
and were fastened at the required height by a pin; there would 
bo a eenao of inseourity in the motion eminently unpleasant. 
You Kiight put up with such on invention in camp, or on a 
sketching expedition, but to have it and use it under your own 

roof, instead of a strong and* 
servioeable ohair, would be ab¬ 
surd. Yet this is very much 
what we do in tho ease of tho 
modern dining-room table. When 
it is extended it looks weak and 
untidy at the sides; when it is 
reduced to its shortost length 
the legs appear heavy and ill- 
proportion^. It is always liable 
to get ont of order, and from the 
very nature of its oonstruetion 
must be an inartistio object. 
Why should such a table be 
mode at aU P A dining-room is' 
a room to dino in. Whether 
there ore few or many people 
seated for that purpose, the 
table might well be kept of an 
uniform length, and if space is 
on object it is always possible to 
use in its stead two small tables, 
eaoh on four logs. These might 
be placed end to end when 
dinner parties ate given, and 
one of them would soffioo for 
family use. A table of this kind 
might be solidly and stoutly 
framed, so as to last for ages, and become, as all furniture 
ought to booomo, an heirloom in the family. When a man 
bnilda himself a house on freehold land, he does not intend that 
it shall only last his lifetime; he bequeaths it in sound condition 
to posterity. We ought to ho ashamed of furnitnre whioh ia 
continually being replaced; at all events, we cannot possibly 
take any interest in such furniture. In former days, when the 
piineiploB of good joinery were really understood, tiie legs of 
such a large table as that of the dining-room would have been 
made of a very different form from the Inmpy, pear-shaped 
thing^s of modem use.” 

In nearly aU these remarks I agree with Mr. Eostlake, and 
ospeoially in his remark that, owing to the very nature of its 
constraotion, a modem dining-table must be an inartistio object. 
No work con he satisfactory in whioh any portions of tho tme 
supporting structnro or frame are drawn apart; and this 
occurs to a marked degree in this table, os is shown in Mr. 
Eastlako’s illustration, which we here copy (Fig. 36). 

Another falsity in furniture is veneering—a praotioe whioh 
should be wholly abandoned. Simple honesty is preferable to 
false show in all oases; trathfnlness in utterance is always to 
he desired. It was customary at one time to veneer alinoat 
every work of furniture, and even to place the grain of the 
veneer in a manner totally at variance with the true stmoture 
of the framework which it covered. This was a method of 
making works, whioh might in their unfinished state be satis¬ 
factory, appear when filched as most unsatisfactory ohjeota. 
Since this time much progress has been mode in a knowledge 
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of trnfhfnl Btrjiotare and of tratbfnl expxesBion, yet this mater^, anwged in maseiTe and absurd folds, shutting ont 
method of giving a false sorfoco by means of veneer is not that light which is necessary to onr health and well-being; and 
vrboUy abandoned as despicable and false. a pair of heavy stuff curtains and a pair of lace curtains to each 

A few months back I had oeoasion to visit a cabi^ ware- window, each curtain consisting of snfBcient material to more 
^ house in Lancashire, and the owner called my attention to tito than cover the window of itself. An excess of drapery is always 
fine grain of some old English oak, and remarked that certain vulgar, and a little drapery usefully and judiciously employed is 


pieoes of fur¬ 
niture wore of 
solid wood. 
Upon investi¬ 
gation, how¬ 
ever, I dis- 
oovered that 
while the fnr- 
nituxe ib ques¬ 
tion was made 
throughout 
of oak, the 
bulk of tho 
straoture was 
of common 
wainscoting, 
and the surfaoe 
was veneered 
with Xhiglish 
oak. I oonfesB 
that I would 
much rathor 
have had tho 
furniture with¬ 
out its false 
exterior, and 
daily my love 
for fine gprain 
in wood gets 
less. I think 
that this arises 
from the fact 
tliat strong 
grain in wood 
takas from the 
unity of tho 
work into 
which it is 
formed, and 
tends to break 
it up into parts, 
by rendering 
every mem¬ 
ber conspicu¬ 
ous. What is 
Wanted in a 
work of furni¬ 
ture, before all 
other considor- 
ations, is a fine 
general form— 
a harmony of 
all parts — so 
that no one 
member usurp 
a primary place 
—and this it is 
almost impoB- 
sibloto aohiove 
if a wood is 
employed hav¬ 
ing a strongly- 



pleasant. 

Many win¬ 
dows that are 
well made, and 
thus keep out 
all onrrents of 
air, need no 
onrtains. If 
tho window 
mouldings are 
of an arohi- 
teotnral cha¬ 
racter, and are 
coloured much 
darker than 
the wall, BO as 
to become an 
obvious frame 
-to the window, 
and thiu do 
for tho window 
whatapiotnlu- 
framo does for 
a picture,, no 
enrtains 'wiU 
be required. I 
have recently 
had a wonder¬ 
fully striking 
illustration of 
this. Two ad¬ 
joining rooms 
are alike in 
their architec¬ 
ture ; one is 
decorated, and 
has tho win¬ 
dow oasement 
of sneh oolonrs 
as strongly 
contrast, while 
they are yet 
harmonious, 
with tho wall. 
Before the 
room was deco¬ 
rated, and the 
windows were 
thus treated, a 
general light 
colour pre¬ 
vailed, both on 
the wood-work 
and on tho 
walls of tho 
room, and cur¬ 
tains wore 
hung at Uio 
windows in the 
usual way. 
With tlie al¬ 
tered decora- 


markod gtaiu. 


tiuns, the win- 


With us a room is considered as almost nnfuruishod if the 
windows are not hung with some kind of drapery. The original 
objoot of this drapery was that of keeping out a drauglil of air, 
which found its way through the imperfectly fitting windows j 
and the antitype of onr window-hangings was a simple curtain, 
formed of a material suitable to ac^evo the purpose sought. 

, Such a curtain was legitimate and desirable, and wonld contrast 
Btrimgely with the elaborate festooning and quadrupled cur¬ 
tains of our present windows. Wo daily sco yards of valuable 


dows became so effootivo that I at once saw the undesirability 
of ro-lmtiging the curtains, and yet not one of all my friends 
has observed that there are no curtains to tho windows; while 
if tho curtains aro removed from tho otljoining room, where tho 
window-frames are os light as tho walls, the first question asked 
is, “ Whore aro your curtains ? ” 

• Cnrbwna shoidd be hung on a simple and obvious polo. All 
means of lading this pole aro foolish and useless. This polo 
need not bo very thick, and is better formed of wood than of 
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metal, for then the rings to 'nhlob tbo curtains arc attached 
pau ^ong almost noiselessly. The ends of the pole may be of 
metal, but I prefer simple balls of wood. The polo may be 
grootved, and any little onriohmonts may be introduced into 
these grooves, providing the carving docs not come to ilie sur¬ 
face, and thus touch the rings, which by their motion would 
injure it. 'Whatever is used in the way of enriohmont should 
be of a simple character, for the height at which the curtain 
pote is placed would render very fine work altogether ineffootivo. 

As to upholstery, I would say, never indulge in an excess. 
A. wood frame should appear in every work of furniture, as in 
■file examples wo have given. Sofas ore now made as though 
they wore feather bods; they are so soft that yon sink into 
them, and booomo nucomfortably warm by merely resting upon 
them, and their gouty forms are relieved only hy a few inches 
of wood, whiidi appear os logs. Stufang should bo employed 
only 08 a moans of rendering a properly constructed seat 
ooi^ortably soft. If it goes beyond this it is vulgar and 
objeotionable. Spring stuffing is not .to be altogether com¬ 
mended ; a good old-fashioned hair scat is more desirable, as it 
will endure when springs liavo perished. As to tho materials 
wildi which seats moy bo covered I can say little, for they are 
many.' Hair cloth, althongh very desirable, is iiltogcthor in¬ 
artistic in its oflFoot. Nothing is hotter than leather for dining¬ 
room oboirs; Utrecht velvet, either plain or embossed, looks 
well on library chairs; silfc and satiu damasks, rep, and many 
other fabrics arc appropriate to drawing-room furniture, and 
upholsterers will find a now three-coloured material, called 
“ The Windsor Brocade,” just brought out by Messrs. Wardo, 
of Halifax, useful for such purposes. Chintz 1 am not fond of 
os a ohsir covering, end in a bath-room I would rather have 
chairs with plain wooden seats than with ousliions covered with 
this glazed material. 

With a more remark upon picture-frames I have done. 
iPiotnre-framos arc generally elaborately carved mouldings, 
or ore simple mouldings covorcul with putty ornaments, which, 
whether carved or formed of putty, are overlaid with gold 
leaf; they are, indeed, highly ornamented pfilt mouldings, t 
mnoh prefer a well-formed, yet somowliat simple, black, polished 
moulding on tho interior of which runs a gold bead. For 
prints and water-colours tho annexed frame (Fig. 37) is all that 
can bo desired. A fanciful yet good pioturo-framo was figured 
in tho BuUding News of Soptombor 7tli, 1806, which wo now 
repeat (Fig. 38). 
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XVI. 

VAXUADIiB BPIIiDINQ AND FTTBIIITUBE WOODS {coniinucd). 

East Ibdiak Ebont (Dalbergia latifolia, L.; natural order, 
XisguminosiB ),—Tho real raven-black ebony, one of tho heaviest 
and hardest of all woods, and whioh in the fineness of its texture 
resmnbles ivory, is derived from this tree, which is indigenous 
to the island of Ceylon, and is also found in Java, Sumatra, 
and the Manilla Islands. This ebony is used for wind instru¬ 
ments and tho keys of pianos. 

The alburnum, or sap-wood of both the mahogany and ebony 
trees, is while and valueless, and is chipped off with tho adze 
before tho logs ore shipped. Tho indurated heart-wood of 
these trees is tho only part of tho stem fit for industrial and 
eoonomio purposes. 

A great deal of ebony comes into commoroo from tho Cape of 
Good Hope, and arrivos in England in sticks of about three to 
six feet long, and two to four inches thick. 

Boxwood ^ (Buieus sempervirens, L.; natural order, Euplior- 
biaesm).—This is an evergreen shrub, a native of Southern and 
Western Europe. Tho wood is dense, compact, and admirably 
suited for wood engravers and also for tho formation of graduated 
Boalcs and fine works of art. It is impoitod in pieces four feet 
long and ten inches in diameter from Smyrna, Constuntinoplo, 
and the Greek Islands. Tho fine saw-dust of this wood is sold 
at Nuremberg and other places as pounce, whioh dries writing 
quickly. Tho annnol imports arc between 3,000 and 4,000 tons. 

, Sandati "Wood (Santalum album, L.; natural order, Ban- 
talacsts),—This tree, which produces tho hoautifnlly perfumed 
sandal-wood, is a native of India and Chinn. SnnVlal-wood <8 
much used for ontomologsool cabinets, as its fragrance is a pre-1 


servative from insects. In 'China it is employed as incense, 
and is manufactured into toys. The shavings and Baw-dnst (rf 
sandal-wood ore valuable in perfumery. 

Liokdu Vitas (Guiuetm ofieinale, mum.; natural order, 
Z‘ygophyllacem}.—^iB is the hardest and heaviest wood known. 
It is of a dork olive oolonr, and oross-grainod, the fibres running 
obliquely into one another, in a form somowlmt resembling tho 
letter X, so that it cannot be split with an axe, and is ^erofore 
divided by the saw. Tho tree is forty foot high, and four or 
five feet in oiromnforonoe, with numerous knotted, much divided 
branohoB, abruptly pinnate leaves, and bright blue flowers. It 
grows in tropical America, especially in Jamaica, where it is 
very abundant, end whence our aupplies are ohi^y obtained. 
Tho timber of this tree is very valuable, where strength and 
durability am needed and weight is no object. Lignum vital 
COTOB over in billets about three feet in length and a foot in 
diamcitor, and is chiefly used for ship-blocks and nulleys. It 
takes a fine polish, and turns well, and for this reason is used 
by turners for artiolos requiring a hard close-grained wood. 

Biud's-btb Matus {Acer eaccharinum, L.; imtural order, 
Aceracem). —This tree is a native of North America, where it 
grows from Canada to Georgia. In early spring it yields, whon 
tapped, an immense quantity of sugar. The beautiful wood 
known as bird’s-eye maple, so much admired in cabinet work, 
is obtained from this species. 

Ambbican Cedae (Oedrela odorata, L.; natural order, 
Cedrelaecm), a native of the West Indies and Central America. 
This tree furnishes the wood used for tho boxes in which cigars 
are jiaoked, and for the inside portions of furniture. 

Pencil Cedae {Juniperus Bermudianai natural order, 
Coniferts). —A North American tree, which furnishes tho red 
wood for load pencils. 

Lance-wood {I>ug%ictia Qiiitarcnsis, St. Hilary; natural 
order, Anonacem). —This tree furnishes lance-wood, which is 
used by coachmakers for the shafts of gigs and other vehicles 
where both strength and olasticily are required. Wo receive 
lance-wood from Cuba and Guiana, whence it comes in the form 
of polos, fifteen to twenty leet in length and six to seven inches 
in diameter. 

ItosEWOOD (Tnploleniata and Balhergin; natural order, 
Lcyuminosa). —Several undetermined species of these genera of 
trees furnish rosewood. Wo recoivo this wood from Brazil, in 
planks about twelve feet in length, flat on one side and rounded 
on the other, each being evidently one-half of tho stem, with 
the bark removed. Violet-wood and king-wood, whioh come to 
this country also from the Brazilian forests, are probably only 
other spocios of tho same plant, as both reseinblo tho rosewoods. 
They are in mnch smaller pieces, usnally in round sticks four 
or five foot long and from two to six inches in diameter. The 
best rosewood comes from Eio de Janeiro, and has recently 
been ascertained to bo ohi^y tho timber of Dalbergia nigra. 
Eosewood is mnoh used for library and drawing-room furniture, 
and is so named because, when fresh, it has the odour of a rose. 
Tho imports into England in 1863 wero 2,120 tons. 

Black Walnut {Jitglans nigra, L.; natural order, Juglan. 
dacece). —This is a largo tree, indigenous to North America. 
Previous to tho introduction of mahogany and rosewood, walnut 
was held in high estimation in the manufacture of costly furni¬ 
ture. It is still imported for furniture, althongh to a less 
extent than formerly, and is now chiefly employed in 
manufaotnre of tho stooks of all kinds of fire-arms. 

Snakkwood (Pirntiiiera Ouianensis; natural order, Arfo- 
earpacew), —^This is a very beautiful ornamental woodi of a 
rich chestnut-brown oolonr, mottled with cloudy amber-eolonrod 
spots, resembling tho markings of serpents—a soarce wood, 
imported from South America in sticks, two or throe inohes in 
diameter, and five or six inches in lon^h. "When dry, snaka- 
wood readily takes fire if rubbed against ■feood harder than 
itself, and is so used for obtaining fire by tho native Indians. 

Satin Wood {Sxvieimia ehlorotn/lon, L.; natural order, 
Cedrelaceo)). —This is a handsome, hard, yellow veneering wood, 
ocoasio^ually imported from India, tho 'Wait Indies, and South 
Amerioa, in logs seven or eight inohes square and ten feet in 
length. It is used by oabinet-makers and qpholsterers in inlay¬ 
ing work, and for picturs-frames. 

The far greater proportion of onr building timber oonsists of 
the wood of various ooniforous trees, which wo import from 
Amcsica, Northern Europdi and Ss^erland. The ded used in 
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oarpsstry ia tfao wood of seTeral apeciea of pise and fir. 
Thus, vUto deal ia fumiahed by the Nonray apraee fir (Abie$ 
exeelsa, L.), asd yellow deal by the Scotch fir (Pinm sylvestriB, 
L.) { the i^ver fir (AbieB picea, Link.) famiahes a whitiah deal 
naed for flooriner. There a^ nnineroaB others, as the Askorican 
and Enropetm larohee (Larin Americana, l^ohx., and L. £u- 
Topaia, L.), and the hemlock apmco fir (Abies Canadensis, Michx.), 
which arc employed for ship and house bmlding. Wo can only 
mention them, and we must now leave this branch of our anb* 
jeot, as we have not space for further selection. The names 
only of the trees—European, Asiatic, African, American, and 
Anstralion—which yield valuable fumitnre and building: mate¬ 
rials would form quite an extonaivo catalogue. 

T. PULNTS PBODOClSa VALXTABI,!!! GUMS, BESINH, AND 
BAliSAUS. 

The substances now to bo considered are distinguished as 
follows:—» 

' Resins are the inspissated or thickened juices of plants, and 
ore commonly associated with an essential oil; they are in¬ 
soluble in water, but are dissolved by alcohol and essential oils. 

Ovm Resins or Balsams are partly soluble in water, from tho 
quantity of gum they contain. 

Gums are eolublo in water, but not in oleohol. 

Badsakc Eib (Abies halsnmifera, Michx.; natural order, 
Confers).—This tree furnishes the Canada balsam so much used 
in mounting microscopic preparations of objects of natural 
bistory, as it not only preserves, but at tho, sumo time grives 
them transparency. Tliis oloo-rosinons fluid is contained in 
blisters of tho bark, which uro punctured, and the balsam is 
then caught as it exudes. It is import od from America. 

India-rubheb, Gum-klastic, or Caoutchouc, is tho har¬ 
dened milky juice of many cuikhorbioccons plants and othwa. 
That from tho JJraKils is tho produce <.f Siphonia elosiica 
(Eicb.), a noble tree, growing to a height of si,.ty fcot, with a 
light, stone-coloured bark, llat collcctoJ in Central Amorica, 
and now an important article of export all along the Atlantic 
seaboard, is blitaincd fr«m Casiilloa elnstiea. The Ilrazilian 
method of obtaining tho caoutchouc, or india-rubber, is to 
spread tho milky juice upon clay moulds, and dry it in the sun 
or in the smoko of a fire, whicli blackens it. The moulds are 
in the form of balls, bottles, and shoes. Tlio juice is collected 
from incisions made in the stem, and is received into a cup of 
olay placed under tho wound. It flows freely, to iho extent of 
about four ounces daily from ouch tree. Tliis jnice is then 
smeared over the clay mouhls in successive laj'crs, which arc 
dried separately, until a sufliciont number have accumulated 
to give a proper thickness; tho ebay is then washed out, and 
the india-rubber is ready for tbo market. 

In Central Amorica Um juice is collected frum iiu-isions made 
in tho stem, and is received into^vesBels. A tree four feet in 
diameter will yield twenty gallons of juice, each gollou pro¬ 
ducing two pouzids of good dried rubber; and an industrious man 
will collect twenty-five gallons a day. Tho milky juice is strained 
through a wire sieve, co ns to oxolutlo all impurities boforo it is 
transferred to barrels, in which tho real manufacture of tho 
rubber is performed. Tho best manner of oojiverting tlic milk 
into rubber is by mixing with it the juico of a certain vino, 
termed by tho natives achuea, which has the singular ])ropcrt.y 
of prodnoing coagulation within tho space of five minutes. 
About a pint of tho infusion of tho vino is well laixed with every 
gallon of tlie milk. This is done in a large tin pan, and tho 
rubber soparates ns a soft mass from tho brown liquid. This 
moss is then placed on a board, slightly pre.ssed by luind, and 
rolled out with a piece of heavy wood. A great quantity of 
water is thus squeezed out, and tho rubber, which boa now as¬ 
sumed its elasticity, is mode into flat round cakes a quarter of 
an inoh thick, tpenty inches in diameter/ and perfectly white in 
colonr. Hitherto the greater poi-tion of the caoutchouc imported 
has boon received from South America, but latterly a consider¬ 
able amonnt has oomo from Singapore, Assam, and other places 
in the East Indies. _ This is tho ]iroduct of the Ficus eUistiea, L. 
(natural order, TTrlicaceas), or the famed banyan tree, so colo- 
bratedforits pillared supports, ‘‘whose daughters grow about 
tho mother tree,” and which has furnished the motto “ Tot 
rami quot arbores" to the Boyal Asiatio Society. But this 
product is nevertheless very inferior to that famished by the 
Brasilian india-rubber tree. • 


Caoutchouc is contained in the juioes of many tropical trees, 
and in small quantities in many plants of temperate regions; 
it seems to form an essontiol pa^ of tho milky juices whioh are 
ohomoteriatio of the EuphorUaceae, Apocynacem, and Urticaecai. 

In 1804, 71,027 cwt. of oaontohono were'imported into the 
United) Kingdom in the raw state—viz., from South America, 
52,097 owt., valued at .£389,576; and from the East Indies, 
11,930 owt., valued at £113,069. The same year, our exports 
of caoutchono to Europe and the United States were 29,107 owt., 
valued at £205,932. Tho total import for IB67 was 79,750%wt. 

Gutta-pbecha (Jsonandra guita. Hook.; natetal order, 
Euphwbiacea). —This is a magnificent tree, sixty or seventy feet 
in height and from five to six feet in diameter, growing in the 
Malayan Archipelago. Gutta-percha is the inspissated juice of 
this tree, and is proonred as follows:—Tho trees are felled, the 
bark removed, and the milky juice which is found between the 
bark and wood is collected and poured into a trough mode 
from tho stalk of the plautain-leof. It quickly coagulates on 
exposure to the air, and is then kneaded into cakes for expor¬ 
tation. Gutta-peroha is one of tho most valuable vegetable pro¬ 
ductions over discovered! It is in its natural state hard, rough, 
dry, opaque, tough, inflammable, and slightly soluble. On 
immersion in hot water it becomes softened and capable of 
being moulded into any figure, which it retains when cold; a 
number of pieces, too, may bo united so perfectly as to show no 
mark whatever of their jtt.'ction. It is not olastio, but so tough 
that a thin slip, one-eighth of an inch in substance, will sustain 
a weight of forty-two pounds. A great variety of articles ore 
made from gntta-pcrclm, and, above all, cables for the convoy- 
anco of the submarine telegraph, which, without this invaluable 
substance, could not have existed. 

Tho demand for gutta-i>ercba is coiktinually increasing, and it 
is certain that a process too destructive to the trees is adopted 
in tho endeavour to furnish tho requisite supply. 

In 1864 tho gutta-percha imported amounted to 36,750 ewt.; 
and, at Iho very lowest estimate, not fewer than 300,000 trees 
wore destroyed to obtain that amount. A short time ago this 
tree was abundant on the island of Singapore j now few if any 
other ilion small plants are to bo found there, all the largo 
trees having been felled. Tho range of its growth appears, 
however, to bo considerable, ns it doublloss extends over ^ tho 
islands of the Malayan Archipelago. 

Tae (Pinus sylvestris, L.; natnrs.1 order, Cenifera). —Tar is 
an impure tnrpouiine, viscid, and brown-black in colonr, pro¬ 
cured by destructive distillation from tho roots of various coni¬ 
ferous trees, paiticnlarly tho above species. This process was 
known to tho aneients, being described by Theophrastus, and is 
nearly tho samo now as in his time. 

A bank is chosen near a marsh or bog, as iho roots of pines 
so situated always yield tho greatest supplies of tar; in this 
bank a conical cavity is formed, the sides of which are beaten 
down and rendered os firm as possible with heavy wooden 
mallets. A cast-iron pan is placed at. tho bottom of the bole 
or funnel, with a spout which projects through the side of tho 
bank, and barrels are placed bcncatli this spout to collect tho 
tar as it comes away. This cavity is then filled with tho roote 
of the pine, which are ent and neatly packed so as to fill up tho 
entire space, and the whole is covered over with turf and beaten 
down with tiie mallet or stamper. ITzo roots in tho inside of 
tho cavity are then sot on fire, and tho tar, as it distils, runs 
down tlio sides into the iron pan, passing through the spout 
into the barrels, which, ns fast as fiilod, ore bunged, and are 
then ready for exportation. 

Tiir ia used chiefly by seamen, for preserving cordage and 
wood from tho effects of iho atmosphere. Koarly all our liir 
conics from Bussia, Norw,ay, and Sweden; the United Slal cs, 
also, supply us with a considorablu amount; tho forests between 
Bayonne and Bordeaux in I'kanoe, the Blaek Forest, and the 
forest of Thuringia, in Germany, send largo quantities into com¬ 
merce. In 1851, 24,000 tons tvero received into this country. 

Pitch w <:'.v condensed or deprived of the more volatilo parts 
by distillation. The tar is boiled in an opim iroji pot imtil all 
tho volatile matters are driven off; tho TeaiJutim remaining ia 
pitch. This is a black, solid, and glo.ssy substance, very brittle 
when cold, but softening and becoming ductile when heated. 
That used in this oountry is mostly homo manufactured. Pitch 
lis frequently mixed with tav, and used for siniilar purposes, in 
ship-building, for caulking the seams of vessels, cto. 
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PRACTICAL GEOMETRY APPLIED TO 
LINEAR DRAWING.—VH 

THE CTCI.OID (continued). 

The involute, cycloid, epicycloid, and hypocycloid carvos nro 
much oBecI in drawing tbo axact curves farming the teeth of 
wheels work* 
ing in racks or 
in gear with 
eacn other; 

«nd these will 
therefore be 
more fully 
worked out in 
the loseona 
on “ Technical 
Drawing." 

The cycloid 
was invented 
by Galileo, 
eminent ma> 
thomatioian 
and natural 
philosopher. 

Ho was bom at 
Fisa in 1S64, 
and died in 
1042. 

To dcscrihe 
the cycloid. 

Draw the 
director A b, 

(Mg. 03), the 
generating 
circle c, and a 
line through 
the centre, 
called the line 
of centres, DE, 
parallel to A B. 

Draw tbo 
diameter VI 6 , 
and divide 
each half of 
the oirole into 
any number of 
equal ports— 
viz.,la, 2a, etc. 

On each side 
of point VI, sbt 
off the lengths 
va, iva, Ilia, 
etc., and v2>, 
ivh, iii5, etc., 
equal in size 
and number to 
the divisions 
in the circle. 

From o, lo, ■ 
iia, Tiia, eto., 
erect porpendi* 
oolars, catting 
the lino d e in 
I, n. III, oto. 

From each 
of those points 
describe circlea 
equal to the ge> 
nemting cir¬ 
cles. From va 
sot off on the 

circle of which V is the contro the length of the lino vi So —viz., 
5b. Mark off the same length on the corresponding circle, from 
Vft. Prom iva sot off on the circle drawn from centre iv 
the length of the line vi 4a, and do the same on the correspond¬ 
ing circle from iv6. 

Proceed thus, sotting off the lengths of the lines vi 3, 2? 
and 1, on the circles resting on tho points numbered correspond- 


Fig. C4. 




E F 

Fig. 66. 
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ingly (in Boman figures), and through tho points marked on the 
various oiiclos—^viz., It, 2b, 3b, eto.—draw the curve. , 

THE EPICTCLOID ANP HTPOCTffltiOIP. 

When a circle, inatead of rolling along a straight lino, rolls 
around tho edge of another circle, any point in it will describe tho 

onrvo known 
as the epi- 
eydoid (Mg. 
64). 

To deeyrihe 
the (Epicycloid. 

Draw the di¬ 
recting oirole 
B G, and the 
genordting 
drolo ». 

From A,with 
radius A p, de- 
soribo the 
circle of cen¬ 
tres E F. 

Divide the 
gen erating 
oirole into any 
number of 
equal iiarts, 

la, 2a, eto., 

and off 

those lengths 
from VI on tbo 
<rirectt7i<; circle 
c B—viz., the 
X>oints marked 
1, II, ni, etc., 
in tho larger 
Jtoman figures. 

From A draw 
lines through 
1, II, iij, etc., 
catting tho 
circle £ F in 
i, ii, iii, etc. 
(smallor Bo¬ 
man figures). 

From each 
of these points, 
as oentres, de¬ 
scribe oiroles 
similar to tho 
generating 
circle. 

From points 
V, iv, iii, ii, i, 
sot off on tho 
circles resting 
on them tho 
lengths VI 5a, 
4a, etc.; and 
through the 
points thus ob¬ 
tained — viz., 

lb, 2b, 3b, eto. 
— the epicy¬ 
cloid is to bo 
drawn. 

When tho 
generating cir¬ 
cle rolls inside 
instead of out¬ 
side the direct¬ 
ing cirolo, the curve traced is the hypocycloid (Mg. 64). 

It is oonatrncted in prooisoly tho same momtor os tho epicy¬ 
cloid, excepting that tiio lon^a vi 5a, etc., are set off from 
V, IV, HI, etc., inside instead of outside the directing circle; 
and tho points 5c, 4<;, 3c, eto., ore thus obtained. 

If the diameteTi of the generating circle were equal to the 
radius cf tho directing cirido—^that is, if vi C extended to A—a 
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point in ilie generating oirdle, instead of generating a curve, 
would trooo a straight line. < 

To construct a square equal in area to a given quadrilateral 
figure, ^ B C D (Fig. 65). 

Draw the diagonal A c, and bisect it by a poriiondicnlar. 

From B and D draw lines parallel to a c, and cutting the 
perpendicular in b and F, Draw a line bisecting e f in O, and 
from A draw aline parcel to e f, and cutting this bisecting line 
in o. Find a mean proportional between o b and o a—viz., O h. 



Set off the length o H (the semi-diagonal) from o on e f and 
o a —viz., 1, j, K. Join h i J k, and the square will bo equal to 
the quadrilateral figure A b c D. 

To construct a square which shall l>c equal in area to two 
other squares added together (Fig. 06). 

Place the two squares so that a side of the one, as A B, shall bo 
at right angles to one sido of the otlier, as b e. Draw the line a e. 

Now, aooording to Euclid (I. 47),* “ In any right-angled tri¬ 
angle, the square which is described upon tho side subtending 
the right angle, is equal to the squares described upon tho sides 
which contain tho right angle.” And it will bo seen that ab e 
is a right-angled triangle, and that tho squares A no i) anil b efo 
are dfescribed upon tho sides of it which contain the right angle; 
and therefore tlio square aehi, which is described on (the 



hypothonuBo) A e, which subtends tho right angle, is equal to 
tho sum of the two other squares. 

To construct a squrre equal in area to any number of squares 
added together (Fig. 67). 

This is done by merely oarrying on tho process shown in tho 
last figure. Lffc it be required to constrset a square, which shall 
bo equal to tho areas of the three squares of which A, B, and c 
are the respeotivo sides. Place b at right angles to A, thon 
tho hypothonuso B would bo the side of tho square equal in 
area to tho squares oonstmoted on A and B. Place c at right 
angles to B, draw e f, and construct a squoro upon it; then 
E F H a is equal to the squares constructed on 0 and D, and 

* This proposition is said to have been discoverei} by PythoKoms, a 
disciple of Thales, who, after travellisg in India and Egypt in pursuit 
of knowledge, settled in TaTantum,^in Italy,' wbeze he founded tho* 
celebrated Pythagorean school, 550 ytars b,c. 


therefore equal to tho squares constructed on all tbreo linos. 
Any number of squares may bo thus added together. 

To divide a given iriantile, ABC, into two equal parts by a 
line parallel to one of its sides (Fig. 68). 



Bisect one of tho sides, as o B, in tho point n, and erect the 
perpendicular d e equal ■'•o B c. From c, with radius c B, de¬ 
scribe an are catting c B in F. From r, draw f o parallel to 
A B, which will divide tho triangle into two parts of equal area. 

To diinde a triangle into two equal parts by a line perpendi¬ 
cular to one side (Fig. 68). 

From c, draw c n perpendicular to a b. Bisect a b in i. 

Find a moan proportional between B ii and b r — ^viz., b j. 

From B, set off b k equal to B j, and tho perpendicular K L 
will divide the triangle as required. 

To dii'idn the space C 07 ituined between the lines a b and c O 
into equal juirls, by means of lines qiarallcl to an (Fig. 69). 

Draw the line e f perpendicular to A b, and set off on it 
! equal lengths corresponding to tho number of spaces into which 
I A B c n is to bo divided—^viz., 1 to 8. Those spaoos may bo 
any size, but must bo equal. From e. with radius B 8, describe 
an arc cutting o d in o. Draw e g. From b, with radius e 8, 
E 7, E 6, etc., describe arcs cutting B g in H, i, J, K, L, ir, K. 

Draw lines parallel to A. B through these points, and tho 
space will he divided as required. 

To draw a circle of a gieen radius, vdiich shall touch another 
given circle and a straight line (Fig. 70). 



Let A be tho given circle, b c tho straight line, and d b tho 
radius of tho required circle. The question hero is, to find a 
Xroint which shall bo the centre of a circle of a given radius, 
wliich shall touch tho given circle and straiglit line. From o, 
the centre of the given circle, draw a nuliu8_ ainl prodnoo it. 
From tho iieriphory of tho circle, and on this riulius, set off 
F a, equal to B E. From o, with radius o g, describe an arc. 
At any point, as H, in B c, draw a perpendicular, H I, equal to 
D E. From I draw a line parallel to bc, cutting the arc drawn 
from o in J. From J, with tho required roilius, describe a circle, 
which (if the work has boon accurately done) will touch tho 
given circle and straight lino. 
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PEACnCAL PERSPECTIVIL—VI. 

Fia. 28 ia a porspectiTo Tiow of a itrosg table or beach, 
the edge of the top of which ia “ flarii" with the lega tmd 
aurronnding rail. 

• Uaviag drawn the pictnro line and horizontal lino, and 
having fixed the centre of the picture and point of distance, 
place the point b (the nearest angle of the table) at the required 
disi^nee on the left hr right of the spectator. 

From B set off b c', equal to the complete length of the table, 
and from B and c' draw lines to the centra of the picture. 

On the other side of b set off b d, the width of the end of the 
table, and from D draw a line to the point of distance (not 
shown in this figure), entting b c in d'. 

From D' draw a horizontal line, cutting (f c in e. The figure 
c' E d' B will then ho the perspective view of Wio area covered 
by the table. From b and c' mark off on the picture line B o 
and c' y equal to the thickness of the logs, and from a and f 
draw lines to the centre of the picture, entting D' E in a' and f'. 

Now on the other side mark off b h equal to b a, and from d 
set off the same width—^viz., » J. From n and 3 draw linos to 
the point of distance, entting b D' in O' and a'. 

From to ! draw a horizontal lino, cutting a a' in g", and out- 


rise from K, bat ia the present study this ia hfidea hy hhe leg 
G B. The atiadent is, however, reoommsiided, when he has 
worked the present stody, and understands the prindples hud 
down, to chenge the position, for it will be evident tfa^ if tiw 
object were placed farther left, the point X wotdd heoome 
visible. For the fourth leg, the upper part of which ia hidden 
by the top of the table, ^raw perpendlonlars from the points 
u, L, F, and these will complete the object. The whole of the 
lines constituting the fignre shonld now be thickened or inked. 

Fig. 29.—This study is merely another view of the last sub- 
joot, in which the end b o f i> is parallel to the picture-plane. 

The working of this will ho carried on in precisely the same 
manner os the last, with this exception, that in starting, the 
points B, H, J, B are marked on the picture-line, and lines drawn 
from them to tho centre of the pioture. Then the points b, F, o' 
are marked, and lines drawn to the points of distance, all of 
which is the rovorso of what was done in flto last •figure; and 
thus it will bo scon that the figure b d o' e represents the plan 
of the table with its narrow end towards the sj>ootatoi, whilst 
tho long side is seen recoding from tho plane of the piotnre. 

Tho lines and points arc lettered to correspond with those in 
tho last view, so that tho change of position may be clearly 
traced. It is not necessary to repeat the working. 



ting TV ml and c . From j' draw a horizontal lino, cutting ' 
G g' in K, and f f' in l and u. 

It will then be scon that at tho corners of the original area 
the plans of tho four feet are delineated—viz., o' F i c", g B h' g", 
HI L F' B, K j' d' g', and a complete gronnd-plan of, tho table ia 
thus put into perapootivo. Now proceed witli projecting, tho 
table itself, in tho following manner :— 

At c' and b erect perpendioulora, make these tho requirea 
height of tile surface of the table, and draw the horizontal n o. 
From X and o draw lines to tho centre of tho pioture. 

Draw a perpendicular at i>, meeting o o* in F. Draw tho 
horizontal F q, which will ooniplote tho block of tho table. { 
Draw tho horizontal k for tho lower edge of the plate of the , 
table, and from tho point whore it meets the perpendicular b O j 
draV a line to tho centre. ’ | 

Now draw the pcrpondionlurs p, o, iF, and f, and tho hoti- | 
zontal 8, between f and o, for tho framing of tho table. 

This baffling is mortised into tho logs, and therefore tho lino 
must not be drawn across the lines f and G, which represent 
the edges of tho legs j but as it is necessary to find the correct 
position of this framing on the perspeetive aide, produce s 
lightly to the angle X, and from T draw a lino to ^e oentro of ! 
thopiotaro. StrongtiienthislinoonlybetweentUepointstrandv. | 
Btrengthon that portion of tho horizontal j' k which liossl 
between j and the porpendionlar s'. It will be easy to under- | 
stand tha^ tho inner odgo of tho distant leg of the table would i 


Seale, J inch to the foot. Height of the spectator, 6 feet; dlstonee, 
18 foot, 

I’ut into perspective a cross made ot stone foot squan—total 
length of the upright, 12 feet; length of the arm, 7} feet. The arm 
cTossea the upright at 7) feet from the bottom of the upright. 
Drow a pUtiu elevation of this cross, and then project a perspective 
Tiow when lying on tho ground, at 3 feet on the left of the spectator, 
in inch a manner that tho end of tho arm ia pamllel to the pioture- 
plooe, and ia in the immediate foreground. , 

Exebcxbb 15. 

Fut into perspective tho same cross when lying on the ground, ao 
that the lower end of the upright ia parallel to the pictun-plane and 
6 feet within the picture; all other measurements at pleasurs. By 
this term—frequently n^pd iu oxamlnation papers—js meant that the 
student may fix hii own dimensions, so long os he shows that he nndai^ 
stands the working out of tho principle. 

Exeboibe 16. 

Scale, height, and distonco ot spectator at pleasm. 

There ore two blocks ot stone, 2 feet square at their base, and 8 feet 
high. They stand 4 feet apart, and across the top of them rests a 
block, 8 feet long and 2 foet square at its ends—the fiices ot all three 
blooka being iu ono plane, that is, if a flat snrfaoe were placed against 
them, every port ot the focus ot nil three blooks wonid teuoh it, 

Fut into pogspectivo this olpeot, when the ^ne of its foes is 
pamllel to the picture-plane, aid when it stands at 8 feat on tha left 
ot the spectator and 10 feet within the picture. 
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Exbbcisb 17. X, it will be elear that the apex tft the pynuud wiH be aonu~ 

Fat iato penpeotiTB the eama ot^eat whaa etandhqr W> that ita on the porpendionlac niiMd on x. 

ftoe U at Tig^t angles to the piotnw-phuM, at'9 test oa the right of Bnt this peirpencUcalar lies within tdio picture, and theretore 
the spectator, and 6 feet within the picture. the b'lte beigrht of the pyrasnid will be aomowhat diminidiod} 

Exbboibb 18. m therefore, draw a line from the oentre of the piotore, throoBh K, 

. The height of tUo epectator ie 6 feet, hie diatonoe 18 feet, the ecalo meebng picture-line in F. 

heing 1 inch to the foot. . *■ th^foro E brought to the foreground, and a perpen- 

Fut iato perapectiTa the table which forms the subject of Figs. 28 dioular raised .in v will represent tho perpendicular K whem it 



and % when standing at i feet on the right ot the spectator and 6 feet 
within the picture—tho long aide of the ol)|jeot to be parallel to the 
picture-plane. ThePdimensions of the table zaaf Too at pleasure. 

Exebcise 19. 

Fnt into perspootlvo the some olgeot when its end is parallel to tho 
ptoture-plaae—at 7 feet on the left of the spectator, and S feet within 
tho picture. 

The object of the next study is to teach the method of making 
perspeoti'TO projections of pyramids. 

Fig. SO.—Let tho length of tho side of tho base be ropro* 
aented by a b ; then, as has already been shown., the perspeotire 
oview of the plan wiU be the figures a b o" d. 

Now if the diagenala A c* and b d be drawn, intoisecting in 


has travelled in a track at right angles to tho pioturo until it 
reaches tho pioturo-line; and now these two linos are said to be 
in OIK! plane, booanso if a wall extended from f to tho centre of 
tho picture, both these perpendiculars would bo portions of tho 
surface of such wall or pl^e j and thus a line drawn on the 
piano from any point in tho potpondioular F, porallol to the 
base-line of tho plane, would pass through tho poipondioular e. 

Now the plane supposed to stand on f o is ot right angles to 
the picture; and therefore F is drawn to tho centre^ of the 
picture, and a line drawn from any part of tho porpondionlar K 
piu^llol to the ground-line must also vanish in the oentre of 
the picture. . « 

Therefore, mark on the poi^ondicular f tho real height of 
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the pytauid—viz., v a. From a draw a line to the centre of FxKiic 

tile piotore, catting the perpendioulor e in H, which ie the The height ot the ipeotatoi ii 

penpeotive position of the apex. From a, B, d', and d draw Scale, \ inch to the loot, 
lines to H, which will complete the figure. l?>it into penpeotive a pyramid 

Fig. 31 shows the porsiiective projection of a pyramid when end the eltitade ol which is 8 leet, 

higher than the level of iie speotator. Hero the length of the i *’Bht ot the epectetorl 

aide of tlie base is A B, and from a and b linos axe drawn to the I Exeei 

centre of the picture. Then from B a line drawn to the point | l’“t into perspective the earns ; 


Exkbcise 20 . 

The height ot the epeotatoi ie 0 feet, and hie distance IS {act. 
Scale, ^ inch to the loot. 

Pnt into penpeotive a pyramid, the hose ot which is G feet eqnaro, 
and the eltitade ot which ie 6 feet. The pyramid stands at 5 teet on 


Exebcise 21. 

Fnt into perepectiva the eama pyramid when standing at 4 feet on 


of distanoe gives D, the distent angle, and the horizontal » i o* ^ epeotator. and at 8 teet within the plotnro, 

_ __ 1 _A-- X1._ 4rltn VsaaA nf 4'.Tta Tn flA 


complete* the view from below of the base of the pyramid. In 

this there will thus already be one diagonal—viz., b d : draw 

the second, A i, intersecting B p 

in E, and at e erect a perpendi- j,^ 

onlar. From the centre of the ■ *■ 

piotnro ^w a line throngh e, 

meeting A n in F. At r draw a j 

perpendionlar, and on it mark the . 

real altitude of the pyramid—viz., 

F o. From a draw a lino to tlie : 

centre of tho picture, cutting the | 

Xierpendicular e in h. Then H is i j 

the position of tho apex. Draw j I \ 

linos from A, b, I, and D to h, | v' j \ \ 

which will complete the projection j \ \ 


In Exeboibe 22. 

Iraw The same picture and the same horizontal line, etc., to be need. 

Fnt into poni*ective a hldck, 9 
feet high, and 4 feet ZGuare at huie, 
vrith n pyramid S foot high zesting on 
It, its edges corresponding with those 
of the upper end ot the block. The 
object ie to stand 5 feet on the left of 
pjg tho spectator. 

Pig. 33.—In this figure tho ob¬ 
ject represented is a stmeture con- 
sisting of four square piors Rni>- 
porting a pyramidionl roof. 


It will at once be seen that this 
is a further development of tho 





Fig. 32 will, it is believed, require scarcely any explanation. 
It represents merely a cubical figure placed on tho right of the 
spec^tor, and on tiiis rests a square pyramid. 

Having drawn tlie block, and rendered it as if transparent, 
draw diagonals either in the npper surfaeo of the base, or in the 
nnder surfaeo of the top, and through the intorsoction of the 
diagonals in either the one, the other, oc 'both, draw a perpen¬ 
dicular. 

Prom tho centre of the picture draw a line through tho inter¬ 
section of tho diagonals, cutting the picture-line, or the npper 
edge of the oubioal figure. . On ^is point miac a ponioudicalar, 
and sot off on it the real height of the pyramid above tho blook 
on which it stands. 

From the point thus marked draw a line to tho centre of the 
picture, which, cutting the perpendicular rising from- the inter- 
soctiem of tho diagonals, will give the perspective height of,.the 
pyramid. 


subject of the last stndy, the blook tioing, as it ware, hewn 
away, leaving only the piers standing at the angles. p 

Tho position, height, and distanoe of the spectator having 
been fixed, mark the position and width of the base, «id pot 
tho whole gronnd-plan into perspective, as already shown in the 
■tody in Fig. 28. On this plan erect the piers; and the line 
carried round, uniting the outer edges of the tops of the piers, 
will form the base of the pyramid. 

Draw diagonals in the base, and at their interaeotion erect a 
perpendicular. From the centre of the piotnre draw a line 
passing through the interseetion of the diagonals, and meeting 
the edge of the base of the pyramid. At this point draw a per- 
pendioular equal to the altitude of tho pyramid, and from its 
extremity draw a line to tho centre of the picture, ontting the 
distant perpendicular in a point, which will bo the apex of the 
pyramid. To this point draw lines from |ho angles, and these 
oompleto the projeoton. 
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MINING AND QUABRYING.—II. 

Br Obobss Oudsiohb, S'.C.B. 

COAX. 

HtFOBTANOB OF COAL—ANSTJAI. COWBUlCPnON —VStSST OF 
BOTPIiT—QKOQBAFHICAI. DISTBIBOTION. 

Coal is bo eeBontial in all mining and motallurgical piocosBoB, 
that it fitly takes the first place in the present aeries of artioloa. 
Fuel of one sort or another is of oourse to be f^ind in every 
country under heaven ; but fuel of a sufficient heating power, 
and at a oomparativdy reasonable prioe, ia one of the most 
important elements in the prosperity of a nation. 

Groat Britain is singularly blest in this respect. The snp- 
plioB are largo. Some people may, perhaps, be disposed to think 
that this is not altogether an nnmixod good; for (whether 
fortonaMly or not to sucooeding generations) the extent of the 
supply, and the convenient dtoation of many of the oosl-fielda 
to porta of Shipment, naturally onoourage exportation on a 
large scale to foreign parts. Both the home consumption and 
the export have indeed increased of late years with such rapid 
strides, that alarmists luive been raising the cry of tlio early 
exhaustion of our coal-fields. , 

This led to serious inquiry into the mattoil and very different 
opinions were arrived «t by those best qualified to judge. One 
geologist, writing in 1861, estimated the total available supply 
of the British coal-fields at 79,843,000,000 tons, which at the 
rate of consumption of 1869—viz., 72,000,000 tons—would make 
it Inst 1,100 years. But the wriW did not shut his eyes 
to the foot that the annual consumption was increasing at a 


A very complete and careful series of observations on the 
increase of temperaturo was made years ago at Bufikinficld 
Colliery (Cheshire), which favours the supporters of the lower 
level, as it was then found that the rate of increase was only 
equal to 1“ Fahrehhmt for every 84 feet from surface. The 
temperature at the groat depth of 2,055 feet was only 75*5° F. 
It may be that some local oircumstance favours the minor in 
this particular colliery; for it is not altogether borne out by 
similar investigations in other collieries, tliongh tiiey seem |o 
indicate that the rate of progression in coal mines is scarcely so 
rapid as in others. At Wigan adiemp^ture ^ 80'’ was re¬ 
corded at a depth of 1,800 feet, and at filon^earmouth a 
similar rate of augmentation has been registered—-viz., I'’ F. to 
every 60 feet. It is not unreasonable to suppose that consider¬ 
able difEerences in temperature may bo due to tl^ nature of the 
rocks through which the shaft passes, so that it may hardly be 
right to compare a colliery in this respect with a Cornish tin 
mine; and for our present purpose wo may fairly take 1° in 
60 foot as our datum. 

2. The thickness of workable coal in any coal-field is also, 
to somo extent, a matter of opinion. It would be a simple 
aCoir if the coal were all in one seam, but that is not the order 
of Nature. In some coal-fields there are twenty seams or more; 
it rarely happens that there are less tlinn four or five. There 
ia no regular rule that can bo laid down os to the limit in 
respect of thickness at which a seam of coal ceases to be work¬ 
able. In some parts of the country much thinner seams are 
worked than at others; and there can be no doubt that an 
important increase in the value of coal would lead to the work- 



Fig. 5.—LOWKB LEVELS OF THE BABEHOOK COLLIEBT, SOUTH STAFFOBUSHIBE. Scale, 1 inch = 176 feet. 

1, the two-foot aon]; 2, the Broach coal j 3, the Herring coal; 4, tho Broach binds ironstones; 5, the thick con]; 6, the Grains and Gubbin 
, ironstone; 7, the first Heathen cool; 8, black hatt and fire-clay j 9, the second Heathen coal; 10, cake and white ironstones. 


rapid ratio, and he accordingly allowed in his calculations for 
an annual inoreaso of 1,500,000 tons. Tho effect of this 
allowance was to reduoe the 1,100 down to only 325 years! 

Tho inorooBO of 1,600,000 per annum was based upon the 
siatiaties of the previous five years; but in 1867 tho produo- 
tion was no loss than 104,600,000 tons, copresenting an in- 
oroaae between 1859 and the latter date of no leas than 
4,500,000 tons per annum. In tho face of sueh ostonnding 
facte Os those, it seems qlmoat futile to attempt on estimate of 
tl|p probable duration of our coal-fields. One thing is certain, 
that uvery right-minded person must hail with gratitude every 
invention of modem soionce which tends to economise the con¬ 
sumption of fuel. 

The elements that havo to bo considered in the calonlation of 
the^ available supply are rather numomus. 1. Tho depth to 
which workings can be carried. 2, The thickness of workable 
iij the vorions ooal-fiolds. 3. Their area. 4. The extent 
already exhausted. 5. The J^babiiity of 
wtentog their area, or of opening up now fields. 

■. V “ previous paper it hos boon shown that in conse- 
of the natural inoroaseof temperature a mine will bo suffi- 
uiently hot (viz. 80*) at a depth of 1,750 feet. But in order to 
gjrt an,»vajlable sngply of 79,000,000,000 tons, it is oaloulatod 
toat oow-mimng will have to be carried to a depth of 4,000 feet. 
This, of course, would be impossible without artificial con- 
wAVaHooB; bntf, liow©v(nr shallow ar ooal mino ina> 7 ' bo, tho vonti- 
mtian must be attended to for the purpose of carrying off tho 
dangerous gases. ^ The means of ventilation are therefore well 
understood by mmors, and its effect in cooling the air of mines 
48 wdl known; so tiiat with such improvements as may be 
made in the oOTrso of yoors, we may fairly take 4,000 feet os a 
F^monable limit. Some persons anticipate the possibility of going 
®4wii 5,000 feet, but the former figure ifill be adopted here. 

VOL. II. 


ing of many thin seams which ore now altogether neglected. 
Those only two feet thick havo boon worked before now in some 
districts, and probably tlio time will oomo when all such seams 
will bo mode use of, though on economical grounds that will 
not take place until the thicker seams are well nigh exhausted. 
Somo seams, moreover, ore very liable to ebango in this respect, 
so that the thickness observed in one working is no criterion for 
otherfi oven in tho same neighbourhood. In Fig. 5, which repre¬ 
sents the lower levels of tto Baromoor Colliery, in tho South 
Staffordshire ooal-fiold, an Ulustration is afforded of tho great 
changes which occur in what is known there os the “ thick coal.'* 

In the old pit marked A, the seam is 31 feet thick; at the 
new one, B, only 9 feet; while at the other end of the diagram, 
c, it is seen to bo still thicker than at a. This cannot but bo 
regarded as an oxtromo instance, for it is the thickest known 
seam in the British isles; but it is no unoommou thing for one 
that ih well worth working in one pit, to thin off so much as to 
be of no commoroisi value whatever in a neighbouring oollieiy. 
Until, therefore, every seam has been tborongbly explored 
throughout all the coal-fields of Britain, this element of uncer¬ 
tainty must attach to oil calculations. 

3. The area of tho coal-fields may bo taken at about 4,600 
square miles; but in many places coal is now worked beyond 
these b'mits, being overlaid by more rooont strata; and if a 
depth of 4,000 feet bo realised in praotioe, 1,000 square miles 
will probably havo to be added to the previous figure. 

4. The operations at some of tho coal-fields are yet almost 
in their iiJfancy, whUe otbern have seen their best days. For¬ 
merly the workings wore oorried on with loss system and more 
wastefully than now, and some of those in tho iron districts, 
such as the neighbourhood of Birmingham and Coalbrcwk Dole, 
haUs suffered very oonsiderablo exhaustion. Even in these 
there is still a la^ quantity of coal which can be saved by 
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jadioiotu working. It w^l be evident, bowerer, that in forming 
any OBtimate of tbe qaantitiee remaining, each coal-fiold mnet 
be separately ooneidorod. 

S. As to tbe probnbOity of ostonding ibeic area, and of 
opening np now fields, a considerable difference of opinion 
exists. This i)oint can only bo determined by actual borings. 
It bos been found within tlio last few years that the superior 
strata in some parts of the midland counties are not so thick 
as had been supposed, sand that tho Carboniferous rooks aro 
%ithin a practicable depth. Kor is there any substantial reason 
why tho workings should not bo carried some little distanoo 
under the sea. ^ 

Adopting, thun, the data furnished by the Geological Surrey, 
and taking only those seams which are 2 foot thick and upwards, 
and which do not exceed 4,000 feet in depth, Mr. HuU arrived 
at the calcul^on that 70,813,000,000 tons of coal still remained 
available. Since ho made his estimate, however, the odd 
843,000,000 have been consumed. 

liie various coal-tiolds lie in patches extending from Glonces- 
tersluro and South Wales up to the extreme no:^ of England; 
and in Scotland on both sides of tho Forth and Clyde, and in 
Ayrshire. In Ireland there is a wide extent of Carboniferous 
rocks, but the beds of coal ore very nneertain, and ore only 
worked to a very small extent. 

The South Wales coal-field covers an area of about 900 
square miles, and the quantity of produce nmy be taken at about 
16,000,000,000 tons. Its commoroial value is considerably en¬ 
hanced by its goograjihical position, having tho ISristol Clianuel 
for its southern boundary, and by the fact of tlio coal scams 
being iuterstratiftod with bands of ironstone. The facilities for 
shipment of the cool at Swansea, Caniiff, Newport, luul other 
ports, havo led to a very large export trade ; and tho presence 
of kun ores in suoh abundance has created an immense demand 
for coal in tho smelting and puddling works, and rolling mills. 
A peculiar feature' pf tiiis coal-field is that tho character of the 
coal materially alters as you proceed downwards, and from cost 
to west. The seams at tho eastern extremity ore more or less 
bitnminmrs, the upper being more so than the lower; in tJio 
middle of tho coal-field they arc snmi-bituminnus and anthracitic 
(the latter lowermost); and in the extreme west there is none 
but anthracite. 

The Yorkshire and Derbyshire coal-field, extending con¬ 
tinuously from Leeds tlvrongU Shelfield, and nearly to Derby, 
is, including tlio oooj-gruuud overlaid by more recent forma- j 
tions, more extensive Ilian tho preceding, and will yield at least ] 
as much eoal. Tho produce of this great inland Uistriet i.s j 
almost oatiroly consumed at home. In this region sumo very 
oxcollent iron ores are obtained, from which the be-t iron in 
the kingdom is mode. Tho coal underlying the Permian and 
Triassio rocks on the eastern side of tliis coal-field has been 
workotl as yet to only a very small extent. 

Tho Newcastle field supplicil London almost exclnsively before 
tho time of railways, tlio coal since brought to London by rail 
being principally raised in tho midland counties. A very large 
quantity is ommrtod to foreign parts, owing to the facilities of 
shipment at I^wcastle, Snudcrlaud, Hartlepool, and other ports. 
Putb in'area and in produce this is decidedly loss thau either of 
the two preceding, though about the double of any of the rest 
in England and Wales. It,contains several valuable seams, 
each having its special advantages. Unc ptodneos a strong 
SBini-bitumiiious coal, very suitable for furnaces; another, tho 
bvst,qii^ity of household coal; a third, o good gas coal, yielding 
also a very excellent coke, 'llioro is still some 7,000,000,000 tons 
of coal available in this district, though it lias been worked 
for a very long period. It is traversed by a gi-eat whin dyke, 
which orosses the country in an east and west direction, on a 
lino with tho Tyne valley, by which the strata on the south side 
ol the dyke aro thrown down no less than 540 foot; the eastern 
end of this dyke may be seen to advantage at Tynemouth, where 
it juts out into the sai immediately on the north side of tho 
har))pnr. Contrary to tho rule which prevails so generally in 
other parts of the' country, there is but little ironstone to be 
sbtained in this coal-field. '• 

The Sonth Lonoashire is the next in respect to size, and con¬ 
tains a very great thickness of workable oo^; but it is troubled 
with numerous faults on a large scale. At Wigan, the caniiol, 
which is very TsJnable for gas works, is three feet thiok; hpt it 
groduoUy thins off in every direction from that point. 


The South Staffordshire has already been mentioned as illns- 
trativo of tho itregulariiy in the thickness of some seams. What 
goes by tho name of tho thiok, or ten-yard ooal, is, in fact, about 
a dozen different seams all united together. It generally runs 
about 30 feet thick; but at Foxyacd’s Colliery, near Dudley, it 
moasuTCB 30^ feet, including six thin partings of ahalo, the 
solid coal being equal to 36J feet. At this spot, owing to oon- 
siderable uphoaviugs of the strata, tiie ooal crops out at tbe 
surface, and for about 100 yards in length it is worked as an 
open quarry, with a face of 40 foot in height. It ia tho only 
instance in this country of an open ooal-working upon suoh a 
scale. This is in the centre of the “ Black Country,” properly 
so called, a district almost wholly given up to the coal and iron 
trades. The consumption of coal at the iron works is now so 
great that, notwithstanding such a seam os this, tho process of 
exhaustion is going on very rapidly, and there in soorooly 
1,000,000,000 tons now loft available in this field. There is one 
seam here which bears the inelegant but appropriate name of 
“ stinking coalit is altogetber neglected, as it contains so 
much sulphur tliat tho fumes from it, if used for domestio pur¬ 
poses, would bo intolerable, and it is absolutely useless for 
making iron, a very small admixture of sulphur being most 
injurious to this tgetal. 

The less important coal-fields do not require separate notice. 
They are tho North Staffordshire, tho Bristol, the Forest of 
Doan, tho Denbighshire, tho Flintshire (whicli contains some 
very good canncl cool), and a few others. 

The Scutch arc important in more rosjiocts than one. The 
Clyde and Ayrshire fields actually join at some points, and they 
.are one in thoir principal features. They furnish a strong 
slow-burning “ splint” coal, which is associated with tho cele¬ 
brated Mack band ironstonos, the splint being very suitable for 
tho oxicratioiiH of the smelter. The notorious Boghead canncl 
also occurs in limited isirtions of this field; it is the best canncl 
iu the whole kingdom, and is highly vnhicd, though tho scam 
only avcrago.s about 1 1 feet thick. 

llic Leshmabago coal basin lies a little further to the south. 
Tt is of liuiitod area, but is likewise rich in cauncl of very ex¬ 
cellent quality. 

The total area of the Scotch coal-fields cxccods 1,700 .square 
miles, and tho available produce may be estimated at about 
25,000,000,000 tons. 

lu Ireland Curboniforoos rocks occur; but the coal is of no 
great value, and it is only worked to a snmll extent. The 
av.ailablc qiuiutity ia too doubtful to justify its being included in 
the general total. At Kilkenny ontlirocite is the staple article. 


SEATS OF INDUSTRY.—IX. 

BY WTliUAM WATT WEBSTKn. 

MULIIAUSEN. 

Fnw manufacturing towns on tho Contincmt of Europe have 
acquired a wider celebrity, or arc bettor untitled to a plaoo 
ill a series of papers devoid to tho description of the chief 
representative seats of industry, than tlie enterprising little 
town of Mulhauson, or Mulhouse, which has just been trons- 
ferrad from Franco to Germany, along with tho province of 
Alsace and the Gorman-spooking portion of Lorraine.^ For 
many years Mulhauscu has taken rank as one of tho principal 
centres of cotton manufacture in France, and its name has 
been associated with a variety of schemes fur the an^ioration 
of the condition of the working olassos. _ *• 

Mulhauscu is situated in a fertile and well-watered district 
about sixty-ono miles S.S.W. of Strosburg, and twenty-seven 
miles south of Colmar. It is divided into two parts, called qld 
and now Mulhauscu. The old town is built on an irregular 
oval-shaped island formed by tho river 11^ which at this point 
separates into several branches, and is crossed by four bridges. 
The houses aro subslantial, ana the,streets are well paved and 
cleanly ^pt, although winding and rather narrow. Among the 
prinoipal buildings in edd Miilhausen may be mentioned the 
Beformed and Boman Catholic Churchea, the Hdtel de Vllle, 
and the College. Tho now town lies to the south-east of tho 
old town, and extends from the right bank of tbe Ill to the 
Bhono and Ehino canal, which here expands into a spaoioua 
basin. It is laid out in wide, regular atreeta, dined with a 
aupmor elass of hoos^. Mulbausen is an important atiitipn. 
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on the Strasbnrg and Socde Bailiraiy. The list of the inetitn- 
tions establiehed in the now town includes a Tribunal of Com- 
meroo, a Consulting Chamber of Manufactures, a Conseil de 
Prud’hommoB, an Industrial Society, and a Commoroial College. 
In 1855 the population of Mulhansen numbered 28,715, and it 
is now estimated at about 45,000, the lost census having shown 
that it contained 43,244 inhabitants. Lambert, the celebrated 
znathematunon, was born in Mulhansen, and in the centre of 
one of the squares of the town which bears his name, a large 
column has boon oroctod to his memory. 

The leading facts in what may bo called the political history 
of the town, so for as they have been handed down to ns, may 
be told in a few words. Mulhansen is said to have been known 
to the Bomans under the name Ariabiiium ; but our knowledge 
of the place at that remote period is confined to the mere name, 
and long’centuries subsequently elapsed of which we have no 
record. It is, however, certain that Mulhansen was a consider¬ 
able town in tHo thirteenth century, for it was erected into a 
free and imperial city by Budolph of Hapsburg in 1273. TIic 
next event in the hirtory of Miilhansen ihat merits notice was 
the adoption of tlio Boformod faith by the azithoritics and 
inhabitants of the town in the year 1523. Fur scver.'i,! contnries 
previous to 1798, Miilhauscn was the capita! of a small republic 
lielonging to the Swiss Confederation ; but in that year it with¬ 
drew from tho Federation, and, rononneing its iiidopondoncc, 
became incorporated witli France, and its connection with that 
country continued up to 1871. 

Tho manufactures of Mulhansen wore of little importance till 
after tho middle of tl.o last century and tho introduction of 
cotton-printing and muslin fabrics, which took place about the j 
year 174.'». Prior to that date the manufacture of woollen 
goods was almost the only iiidusti-y of tho place. But the pro- ' 
gross of cotton maunfactnres in tho town w'as very rapid, iind | 
tho cotton-prints iind muslms of Midhansen soon beeurno noted ' 
for the pre-eminent excellence and nnriva.llod v.ariety of their ' 
eolour.s ajid patterns. In these respeets the productions of tho [ 
looms of MiiUiausen elmllengo comjiarison even with the silk ! 
goods of Lyons; and not a little of the prosperity which this i 
town has so long enjoyeil mnst be ascribed to the artistre, merits ! 
of its fabrics. In tbo numorims mills and f.ae,txiries cstublished i 
at Miilhauscn and its neighbourhood, there arc, liowever, a | 
vorietj'of gcKids manufactured besides thowo wo li.avt) mentioned. 
The silks woven there, and ospeeiolly tho flowered silks, are | 
held ill the highest estinmtion. A very supi'rior quality of | 
woollen and fine cambric goods is also inannf.aeltired in hirgo I 
quantities, auil there are very oxteiisive mills for thi- prodaetioii | 
of cotton and woollen stookingK, Mulhansen lias besides a ' 
reputation for damask and otlier linens, carpets, straw lints. { 
htaiiiod paper, starch, parchment, chemical products, .md tlic 


Tho work-people of Mulhausen did not always posgess the 
many privileges they at present enjoy. About forty years ago 
tho IndxistrieHe, a body distinguished for its inteUigeuee 

and patriotism, such ns few manufacturing towns could boast 
of, drew up tho following account of the state of the operatives 
in Alsace :—“ They ore allowed a quarter of an hour for break¬ 
fast and an hour for diniier, working for tlie most port from 
five o'clock in the morning till eight o’clock at night. Each 
family sloops together in one room, Irhich is eiliior n collu 
or n garret of the smalloBt dimensions. Their furniture is 
wretched, often only a miserable shake-down bed to accommo¬ 
date all tho family. They are very ill-cjbthod, often need the 
aid of the Socic'ti^ de bienfainance, and arc very diity, especially 
in tho spinning-mills. In tho workshops obsceno language and 
stories aro often to be heard, wliioh the children pick up with 
wonderful avidity, and repeat with a revolting zest.” The next 
two sentences of tho Societe’s report need not be trans¬ 
lated. “ Boaucoup dos ouvriors,” it oontinues, “ vivent on 
concubinage. Us appollent oes sortes d’uiiieus marin/jesi d la 
Parieimne, ct cn out fait un verb alleniaiid ^larisiren.” In 
1835 Mr. Andrew Uro, tho author of the “ Philosophy of Cotton 
Manufacture,” visited Alsace while on a tour through tho 
cotton factories of Franco and Belgium, and has left us an 
account of his observations and reflections, from which wc shoU 
make a few extracts. “ Great misapprehensions,” ho remarked. 
“ prevail concerning tho physical and moral condition of tho 
factory operatives abroad, esiiooially in tho fertile region of 
Alsace. Tlicy have been ropresetited as being mostly Pro¬ 
testants. and in very comfortable circumstiuices. There can 
bo no greater mi^tako. Among tho multitude of factory pro¬ 
prietors ill Alsace tlicro is only one J’rotestaiit.. Tho working 
idossoR are devotees of the Bomish communion.” A little 
further on in tho same work oecnrs tlio following passage on 
the condition of tho Midliauscn operatives:—“If Sunday be 
a day of rest and tranquil jileasiiro to tliose who work in a 
moderate manner through tbe week, it is, on the contrary, a. 
d.ay of dobaucliery and orgies to tlio“e who. having been kept 
at labour beyond all reaMuiablo bi.uiid.s, t.iko that oocasion to 
riot in their liberty. Hence it is not uncommon here to see 
drunkards of from twelve to fifteen years of age. Their degree 
of instruction is very slender. All tlieir )>h,vsical, and in conse- 
i(uenee all their intellectual, faculties art* exhausted by toil, 
(’‘ortain cidightcned proprietors have established, at their own 
expense, schools within thoii mills at Miilhauscn, and especially 
M. Naegely. Tho cruel oouduct of parents in sending their 
children at an almost infantine age to the factory, seldom fails 
to entail fearful retribution; for whenever the cliihlren di>covor 
tho mercenary bargains of which they have been made the 
victims, they take the first opiiortnnity of renouncing their 


common qualities of leather, as well as moroeco. Largo iron¬ 
works have long been in operation iii tho town and vicinity, 
and locomotives and other descriptiouR of steam-engiiies are 
nonstriictod in groat numbers. The tauneries, bluach-liolds, 
and dye-works of Mulhausen are very extensive and its 
brswotius and distilleries are held in high repute. There is a 
brisk trade carried on at Miilhiinsou, not only in tlio multi¬ 
farious articles manufactured in tho district, but also in mw 
cotton, wine, brandy, coni, and other agrienltural products. 
Tho cotton inamifactures of Mulhansen were very injuriously 
affectod by tho Aiaoricaii Civil War of 18G1-5, and it is to be 
feared tliat they have snsiained another severe stroke by tho 
e^nts that have taken place in Franco since the 3rd of August, 
1870. Before the Pranco-Pmssian wat, however, tho activity 
of the spinning-mills at this town had sensibly declined. Tho 
maunfaeturers of Mulhausen labour under tho dlsadvantago of 
Imving to import their cotton by way of Havre or Marseilles, 
and the development of inanufacturing onterjirise in towns 
nearer the soa-boarik will doubtless tend to 'check, and may 
oven eventually destroy, a largo portion of jtho manufactures of 
the place. There are as yet few symptoms of duclinc. Tbo 
manufacturers of Mulhansen have branch ostab.'ishmenta in 
several ports of the Haut-Bhiu and in tho neighbouring depart¬ 
ments, and till quite recently at least the amount of goods 
manufactured and exported was on tho increase. A bonsidor- 
able ■ proportion of tho capital invested in manufaij^uriug enter¬ 
prise in Alseqe is derived from Switzerland, and it is said that 
many of the mills and factories ore heavily mortgaged to resi¬ 
dents in Basle. w 


filial ctigagaments, and of abandoning tlieir parents. And this 
nlieiiatiuu in tho family, aggravated often by tlio brutality and 
ignorance of its head, is one of the main causes of tho misery 
which prevails among multitudes of tho work-people. The 
operative spinners of Mulhansen are generally pale, and siibjeet 
to chronic catarrhs, which degenoraie often into ]ihthisis. The 
piccers and card-tonters sometimes lose the first joint of 
their fingers. The weavers are often .seized with ehronio shou- 
mii.tism." 

Snell was the moral .md i)l||fci'’al condition of tho vast 
m,vjority of the factory opomtiv™ in Alsace at the time when 
Mr. Uro visited thorn; but several of tho mill proprietors in 
that district liaJ already began to show consideration for tho 
wolfaro of thoir work-puoiik*. It is pleasant to turn from tho 
dark picture suggested by, rather tlian dolinoaled iti, these 
extracts, to another pas.aage in Mr. Uro’s notes of his tonr, 
descriptive of tho great manufacturing ostablishiiiont of Massr.s. 
Gros, DivilHor, Eoman and Co., at Wcsscrliiig, in one of tho 
moat beautiful valleys of the Vosges mountains. This is pro- 
nouncod by Mr. Uix* to bo ‘‘tho most picturesque, poiieefnl, and 
woll-ordered manufactory ” he had ever seen, and ho w.ixes 
quite oloquoiit in its praise. With the word-painting and the 
landscape wo oro not at present coneonied, uiul so wo shall 
pass at once to the substantial and economical ]>ortioii.s of Mr. 
Ure'a narrative. “The works of Wossc’rling,” ho tells ns, “ con¬ 
sist of cotton mills, power and hand weaving of calicoos and 
muslins, bleaching grounds, and print-works. The calieo- 
priniiing was commenced ns far back as the year 1760. ^ The 
spinning mUh the loom shops, the bleach fields, and cylinder 
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{iTOBS rooms date from the year 1802. The estahliehmont is 
plaoed at a distouco of two leases from all towns, and is the 
central point of nine villages, containing a population of from 
12,000 to 14,000 souls, '^oro in no other manufactory within 
a league of it. Feelings of philanthropy presided at the origin 
of Wosserling. The first founders had for one of thoir objects 
to* give comfortable employment to the natives of the voiloy, 
and they have been rewarded by an invincible attachment on 
the part of their work-^ople. Must of them (the operatives) 
are proprietors of a honsa and a little land, which thoir families 
cultivate, and the whelo of them have rights to tho use of the 
pasture-common. Their chief agriculture is that of the potato 
and meadow-grounds, and they all possess cattle. They aro 
Boman Catholics, while their masters arc Protestants of tho 
Genuvoso chnrch; but both livo in the mutual charities of 
religion. Tho language of ilin country is still German ns of 
«ld, and the temperament of tho people is a little phlegmatic 
but docile. Their intelligence may bo developed with a little 
pains, ospcoiolly that of tho female sex. Tlio proprietors 
founded, sixteen years ago, a savings’ bank for tho operatives, 
which pays five per cent., and they study to persuade tlio 
youths to deposit. Tho work-people have benefit societies 
managed by thomsolvos ; but ns the state of wages and employ¬ 
ment seldom varies, they do not suffer from tho vioissitudes of 
trade. A skilful medi(^ man attached to the establishment 
attends gratuitously tho workers and thoir families. Each of 
the villages has one or two woll-condnctod schools, and at 
Wasscrling itself there is an nppor school, erected by tho public 
authorities as tho model seminary of tho canton.” 

It is within tho last twenty years that the most snocossful 
efforts to improve tho oirnumstaneos and choraotor of tho work¬ 
ing classes of Miilhaason have boon mode. In the year 1853, 
tho first Association for tho erection of “cites oavrieros,” or 
workmen's towns, wus founded at Mulhanson, with a capital of 
800,000 francs, in sixty shares of 5,000 franca, or i!200 each. 
Tho State contributed 300,000 francs to assist tho undertaking; 
the whole of which sum had to bo laid out in streets, side-paths, 
sowers, fbuutoins, plantations, baths, wash-houses, and bakeries. 
In order to convey an idea of tho immonso benefit tliis a.ssociation 
has conferred on the community of Mulhauson, it may bo stated 
that it has bnilt %.boat 700 houses, affording accommodation to 
a population of some 5,000. Thoso houses aro of various 
dosoriptions and dimensions, some consisting only of a gronnd- 
fioor, whilo others havoga storey. They aro planned to meet the 
xequliomonts of health, comfort, and decency; and each house 
has a garden attach^ to it. In a large number of coses, tho 
working man is tho proprietor of the house in which ho resides. 
The method by which this is acoompiished deserves to be do- 
tailod. A house with a ground-floor only costa 2,050 francs, or 
Jtl06, and a house with an nppor floor oosts from 3,300 to 3,400 
fianos. Tho Association soils its house to the workman at cost 
prioo, and the purchaser begins by a payment of 800 francs, or 
^2, which is kept in reserve for tho exponsoa of the contract, 
or is returned in the event of tho purohasor being obliged to 
withdraw from tho bargain, or unable to pay up the romaindet 
of the price. When the last-mentioned contingency occurs, tho 
Association repays to tho purchaser tho difference between his 
deposit and tho olnim it won^have had against him if ho had 
simply boon a tenant. In whore a sale is agreed on, 

the purchaser is put in occupation, and by a payment of from 
18 to 25 francs per month for a few years, aocording to the 
oontroot, ho booomos tho ownor of the house. This monthly 
payment, it will ho seen, is littlo more than an ordinary tenant 
would bo charged as rent. Whoa tho Association merely lets 
its honaea, it charges rent at the rate of 8 per cent, on the 
oost of the tenement; but tho shareholders are bound by their 
oharter not to toko more than 4 per cent, interest on their 
money, and any snrplns rovonuo that may be got pays for 
insoranoo, taxes, and repairs. The “ oit^s onvri^ros “ of MUl- 
hansen Imve proved so benefloial that the schemo has been 
skdoptod in Fi^b, and in other French towns. With the im¬ 
provement in the material condition of the work-people of 
Alsaoe effeoied by Associations for tho construction of work¬ 
men’s towns sad kindred movements, a corresponding moral 
ndvanoe has boon mode. But thero is little of a' distinotive 
oharaoter about tho trade unions, co-oparativo and friwdly 
societies of Mfilhanson, and it is not necessary to describe thorn 
^ the pxesimt article. 


. The Franco-German war was a critioal period in tho history 
of tho town, and it is to be hoped that tho energy and enterprise 
which have'so long distingnhhed its Inhabitanta wW enable 
thorn to anxmount the diffionltiea in which they were oonso- 
quontly involved. 

BUILDING CONSTRUCTION.— 

OV BOOFS OXKFBanLT. 

Thx term roof seems derived from the Saxon word href, or, 
perhaps, a oontrootiou of the German words Bier-wuf (upon 
here), and, as is well known, means tho cover or top of a bead¬ 
ing, generally consisting of two sloping sides, though oooosion- 
ally of other figures. 

Tho anoieut Egyptians, Babylonians, Persians, as well os other 
Eastern nations, had their roofs quite flat. The Greeks appear 
to have boon the first who made their roofs wfth a slant each 
way, from tho middlo to the edges. This was very gontfe, the 
height from the ridge to the level of the walla not exceeding 
one-oighth or one-ninth of the span, as may be soon by many 
ancient temples now remaining. In Northern olimates sabjoet 
to heavy rains and falls of snow, the ridge most bo very oon- 
siderably elevated. In moat old buUdinga in Britain, the oqui- 
lateral triangle seems to have been oousidorod tho standard both 
in private and pabho edifices, and this pitch continned for 
several oentnrics till tho disuse of what is called Gothic arohi- 
tocture. Tho ridge was then made somewhat lower, tho rafters 
being three-fowrtha of the breadth of the building. This was 
called tho trm pitch; but subsequently the half-sqnaro seems 
to have been considered the true pitch. 

Tho heights of roofs were gradually doprossod from tho half 
square to one-third of tho width, and from that to a fourth, 
which is now a very general standard, though they have oven 
boon executed much lower. 

Thero are some advantages in high-pitohed roofs, as they dis¬ 
charge the rain with greater facility; the snow continues a 
much shorter time on the surface; and they are less liable to be 
stripped by heavy winds. 

Low roofs require largo slates, and the utmost oBitB in their 
execution; but they have tho advantage of being much cheaper, 
since they require timbers which are shorter and of loss soant- 
ling. When executed with judgment, tho roof is ono of the 
principal ties to a building, as it binds the exterior walla to 
tho interior and to the partitions, which act like strong ooontor- 
forts against them. 

Eoofs are of various forms, according to tho natnre of the 
plan, and the law of horizontal and vertical sections. Tho most 
simple form of a roof is that which has only ono row of timbers 
arranged in an inclined piano, which throws the roof entirely 
on ono side; this is called a “ lean-to ” or shed roof (Fig. 141). 

The most general roof for an oblong building consists of two 
rectangular xdanea of equal breadth, equally inolined, and ter¬ 
minating in a line parallel to the horizon. Gonseqnontly, its 
form is that of a triangular prism, each side being equally'in- 
dined to the plane of the waU-hoad; this is generally called a 
“ pent roof,” Fig. 142 is tho ond view, or “ gable,” and Fig, 
143 is the plan of such a roof. 

When the plan is a trapezium, and tho waB-heads properly 
levelled, tho roof cannot bo exoontod in piano surfaces, so as to 
terminate in a level ridge. Tho sides, therefore, instead of 
being planes, are made to wind in order to have the summit 
parallel to tho horizon; but the most eligible method is to 
mako tho sides of the roof planes, enclosing a level spaoe or 
flat, in the form of a triangle or tmpezinm, at the summit of 
tlio roof. 

Boofs flat on the top are said to be truncated. These am 
chiefly employed with the view to diminisK the height, eo as not 
to predominate ovo#that of the walls. 

When all four sides of the roof are formed by inolined planes, 
it is called n “ hipped roof ” (Figs. 144 and 145), in whieh oase 
two of the inclined sides—^namely, those whieh alant from the 
long sides dt the building—^will be trapeeoidt, and the other 
two triangles. 

But if tb# building to be covered be square (Ilgs. 146 and 
147), and all the slidea elant equally, the roof will form, a square 
pyramid, for the projection and devek^ment of whioh yeo 
lessons in “ Frojeo^n."^ 
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A bonding haTing a hipped roof oonsiets of a eqoare prism, 
on trhioh a triaognlar prism lests, bnt the ends of the prism ore 
slanted off. 

When tho planes of roofs, instead of being oontinned until 
they meet in a ridge, take another slant at a certain height, 
they are called “ curb ” or “ Mansard ” roofs (Fig. 148), from 
the name of their inventor, a great French architect* who lived 
in the sixteenth oentnry. They are much employed in France, 
and aro hence often called “ French roofs.” When tho plan of 
the roof is a regular polygon, a cirole, or an ellipse, tho bori* 
zontal Bootions being all similar to the base, and tho vertical 
section a portion of any curve, convex on tho ontsido, the roof 
is called a dome. 

We will now enter moto particularly into tho construction at 
a roof. Id order to explain the principles which gnido the 
designer, and to give tho names of the different timbers em¬ 
ployed. • 

It has already been stated that a badly-designed roof may 
proT^the ruin of an entire building by forcing the walls out- 


feet of the rafters together, they are mortiBed into a beam 
cefllod tho tie-beam, in such a manner that they cannot spread 
ontward, and this is the first step towards ^e proper oon- 
struotion of a roof. Wall-plates ^ve already been mentioned. 
They are timbers laid on the tops of the walls to prevent tho 
roof-trusses pressing on one iHiztioular part, and to spread 
the pressure along tho whole length. Besting on these, 
and crossing the entire width of tlie building, the long timber 
tie-beam is placed; and the very manner of placing it is snifii 
that any weight pressing on it may boar downward and not out¬ 
ward, and thus it ties the walla togotlier; into this the rafters 
ore mortised, in one or other of the methods already shown. 

The rafters aro not allowed simply to meet at the top, but 
abut against tho slanting part of an upright, called the king- 
post, tho purpose of which must not be misunderstood. 

Cosnal observers might imagine that the king-post rests upon 
the tie-beam, and supports the rafters at their junction; bnt it 
doos no sneh thing, the rafters abutting against the i^-beom 
mooting at tho top and forming a triongio, because the two 



ward; whereas, if constmoted on oorroot principles, it will tend 
to tie them together, and so give firmness to the whole strno- 
ture ; and it has also been mentioned that the most generally 
adopted roof is that formed by two inclined pianos; but it will 
at onoe be seen that this must bo very limited in its application, 
and oonld only bo need with anything' like safety where tho walla 
are very strong so as to resist the pressure of tho roof; for it 
mast be clear that the weight of tho timbers and slates or tiles 
would tend to foroe the w^a out of the porpendicnlar. This 
irill be understood on referring to Fig. 149. 

Now when this force (w) oomo into action, it wonld spread 
tho feet of tho niters outward, and therefore the obvious 
remedy is to fie tnom together. Thus a rope would, to a 
certain extent, answer the purpose; but’’instead of tying the 

* Francis Hansard, on eminent French erohiteot, bom at rnris in 
1S98, was the son of the King’s carpenter, and received those instruc¬ 
tions which led to hie eminence ss an architect from Qantier; but for 
the high rank to which he attained in his profesaion ho was indebted 
to the force of his own genius; he died in 1666. His nephew, 
Jules Hardonin, boomna a groat tavourita of I,ouis XTV., ond was 
enabled nndtr hli patronage to realise a large fortone. Amongst 
hKs prlnMpal works were the Ch&teau de Clugny and iha Fslaoo of 
’Vetsaillesi Be died suddenly at Uarly hrate year 1703. 


I sides together are greater than tho third (“ Euclid,” Book L 
Prop. 20), and the 'third in this case is tho tie-beam. Now, in 
tho triangle ABC (Fig. 150), tho weight s oonld be suspended; 
and as the two sides A and B moot in o, c becomes, as it wore, 
tho keystone of an arch, and firmly supports tho weight D 
Buspondod from it. 

' 'Iltus then, in Fig. 151, the points A-and B act as the abut¬ 
ments of an arch, and the head of the king-post, K, is the key¬ 
stone into which tho upper cuds of tho principal rafters, r a, are 
mortised; and thus, the more tho keystone be prossod down, 
tho firmer will tho stmetaro bo. Bnt the weight of the roof 
does not really press upon the keystone, bnt upon tho rafters, 

I and these again transfer their force to tlie tie-beam, T u. Now, 
at its ends, tlie tio-beam is well supported, but in most eases is 
liable to sag, or sink in the middle; and it this wore to tioour, 
the ends of the rafters would bo drawn inward, and willi thorn 
the walls on which tho wall-platos rest. Tho king-post is 
therefore a continuation of the keystone, ond eoiues just down 
to, but does not rest upon, tho tic-beam, whicli is therefore 
strapped np to tho king-post by an iron baud; and thus, in¬ 
stead of tho tie-heam supporting tho king-post, the king-post 
supports tho tie-beam, tho middle portioa of which is suspended 
from it. 
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In cfrdet to tighten np the tic>beam, on oponing is pierced 
through tho upper ends of the iron strap, and through the Mifg> 
poet. Iron “ gibs ” arc passed tlirongh this hole, and two iron 
wedges ontoring from tho opposite sides are driTon in. It will 
be evident that the effect of this will be to draw np the strax), 
and with it the tic-beam around which it is placed. Fig. 152 
is a section showing the ]dng-)iost, tie-bcaui. iron strap, gibs, 
and wedges, and Fig. 153 shows the front of tho Btrai>. 

* All the ports referred to will be soon in their idaoes in 
Fig. 151, in which are also shown stmts, B, s, which, abutting 
on the foot of tho king-xiost, snpiiort tho priiiciiMil rafters, V B, 
at a jioint between tboir upiKsr and lower ends. If tho width 
require that the beam should be further brpeod up, the struts 
s, s, thou, instead of being morti-sod directly into the rafters, 
servo to support two x>oats smaller than the king-xiost, but of 
the Slime choincter, called riuei'u-posts, g. 'I'o those, again, the 
tie-beam is strapped np as in the former case. Against their 
feet struts abut, supporting the rafters; and it will be seen 
that this system may bo cari’ied on as long as the nature of the 
materials would permit; tho whole truss resting ou the wall- 
plates, w. 

Now it will bo clear that such strong and heavy asscmbl.agos 
of timber as these roof-tnisaes nood not necessarily bo placed 
oloBO togethoi', being intended as tho main Bui>iJorts of the 
whole covering of the building; further framing is therefore 
nocc.ssary, in order that the iiitermoiliuto spaces may bo pin- 
porly and senurely roofed over. This is done by throwing 
timbers at inti’rvals across the trus.ses. These are called 
“imrlins,” i-, and are Hometiincs “nolehod” on the i>rkieix)al 
rafters, as at p, on tho righCT-ide of tho drawing, or rest against 
bloclis, as shown at tlie oovresponding point on tho left side ; 
the latter is to be preferred, us tho principal is not weakened 
by tlie removal of any part of tho thickness. Thus a horizontal 
framework is created, ami across these, at aliout a foot apart, 
smaller timbers called “common” rafters are placed, e K. 
Those either abut on .a timber called tho pole-plate, j>, rest¬ 
ing on tho end of tho tie-bo.am, outside tho insertion of the 
fimt of the principal rafters, or may lie notched on to it, and 
passing by it, may form tho oaves, or projecting part of the 
roof, under which a gutter may be placed. Across the common 
rafters strips of wood oallod “ battens ” are nailed, and to those 
the slates are attached; or, in cases where the inside of the roof 
is to bo left visible, it is covered in with boards, to which the 
slates are nailed. The interior of these boards, and tho timbers 
on which they rest, are then stained and Tarnished: and such 
roofs have a beautifnl apxiearance, especially when the linos are 
such as to show the sciuntific principles upon wliich the whole 
is constructed. Tho ox>on tunbor roof of the Middle Ages forms 
ODO of the most beautiful foatnroH of that period of arohitectore. 
They were, in the first instance, oonstructed on tho most per- 
feetly correct principles of science, llicy wore then, in some 
cases, elaborately carved and filled in with megt exquisite 
tracery, or were xialntod. Tho construction was not concealed 
by ornament; but, on the contrary, tho decoration served all 
tho moBe to show tho ooustmetion to advantage. And we can 
thus feed the truth of Mr. Brandon’s words: “ A timber roof of 
the fifteenth century, with its massive timbers elaborately 
wrought; its rows of hammer-beams, terminating in beauti¬ 
fully-oarved figures of angels; its enriched panelling and 
traooried siiandrils; its exquisite bosses; and, above all, its 
profusoly-oriiauionted cornice, is truly as glorious a sight, as it 
is a grand triumph of tho carpenter’s art. Such excellence, how¬ 
ever, was hut very gradually accomplished.”* 

In some cases the heads of tho queen-posts are kept apart by 
a horizontal timber (shown by a dotted lino in Fig. 15l} oallod 
the straiimng beam, whioh is strnpiied up to the king-post, 
which in such a roof-truss would not oome down to the tie- 
bofun. The subject of roofs in timber and iron is of such im- 
Xiortanfia, and its elucidation requires such numerous illustra¬ 
tions, that a separate series of lessons will bo devoted to it in 
Thk Txchmicai. EnuCATOR. 

The leading principles of tlie oonatrnction of roofs ooveriug 
a span of great width are oxomplified in the complex structures 
by which our largo- railway statibns and termini are covered in, 
and which may be studied with advantage. 

* The whole suliiect of Oothie Architectara will he treated of here¬ 
after ia tUe work la a separate series of lessons. 


VEGETABLE COMMERCIAL PRODUCTS, 
xvn. 

PLANTS PBOOUCINO VALT/ABLN aUlIB, RESINS, AND BALSAMS 
(continued). 

Turpentine Pine (Finns palustris, Wild., and Pinus Tarda, 
L.; natural order, Conifarce ).—The importation of tni^entino 
by other natioBs is not very considerable, since almost every 
country possesses trees from which it may be proonred. England, 
however, is an exception, the demand tor tnrpentine being much 
greater than the home supply. We reoeive nearly all our tnr- 
pentino from the United States, and it is obtained from the 
above two species of Finns. There are also in the market, 
Bordeaux turpentine, obtiunod from Finns pineaster, Alton; 
Strosburg turpentine, from Allies pectinata ; Venice turpentine, 
from Abies laris (Bich.}, tho common laroh; and Ohio taxpen- 
tine, from tho Pistacia terelinthus (L.), a tre^ indigenone to 
Cyprus. ^ 

Tho process of oollooting turpentine is in each case marly 
tho samo. Tho bark of the trees being wounded, tho turpen¬ 
tine trickles out in drops into boxe.s or other ve.s8ols placed so 
ns to receive it. The incisions are made about the close of the 
month of March, and the turpentine continues to flow through¬ 
out the vegetative season, particularly during the summer 
months. 

Turpentine is imported in barrels, weighing from two to two 
and a-ha1f cwt., and has tho appearance and consistence of 
honey. Oil or sxiirit.s of turpentine is obtoinod by distillation 
from the raw turpentine ; this residue is the common rosin or 
rosin of tho shops. Spirits of turpentine, as a solvent of all 
resins, is mnch used in the proxiaration of paint and varnish ; 
and rosin in the manufacture of common soap, common sealing- 
wax, for the bows of violins, and for caulking sliips. 

In 1SC3, 27,343 tons of tarxiontino, valued at .£31,274, 
were imported into tho United Kingdom, chiefly from North 
America. 

GnM-ifttABic (Acacia vera, Wild., and Acacia Arabica, Wild.; 
natural order, Leguminosai). —Gum-aiabie is produced by these 
two trees, which grow in abundance in Arabia, and in Egyi>t on 
ike banks of tho Nile. It flows BXKmtaneously from their trunks 
and branches, in the form of a mnoilago, which dries and 
hardens on exposure to tho air. The more sickly the tree, and 
tho hotter tho weather^ tho more abundantly exudes tho gum. 
It is very nutritious, and the Arabs who gather it almost live 
upon it during the harvest. 

Tho principal African and Arabian ports for tho exportation 
of gum-arabic aro Aden, Mokha, Suez, Cairo, oud Alexandria. 
Gum-aenogal. tho product of Acacia Senegal (Wild.), is the 
best and dearest sort of Arabian gum. It is distinguishable 
from gum-arabic by its clearness, consisting of choice drops of 
tears, some as large as a pigeon’s egg, entirely white, and 
shining like glass. Gnm-tragaoanth, which is yielded by Astra- 
gains tragacantha, L., is olao considerably in demand, and is 
one of the chief gums of commerce. Wo receive this gum from 
Greece and Asia Minor. The principal place for its exportation 
is Smyrna. 

Tliose gums aro chiefly used in the manufacture of silks, 
crapes, and muslins, to stiffen and glaze the fabrio; they ore 
employed also in calioO|printing, to give oonsistenoe to (ke 
colours ; in medicine, xiainting, and in the manofactuza of ink. 
Tho quantity imported in 1850 was 1,984 tons, of which 328 
tons were gnm-senogol. 

Gum-sandabach (Calliiris quadrivalvis, Verst,; natural 
order,' Coniferm ).—^This tree is a native of Barbaiy, on the 
African ooast. The Turks construct the ooilings and floors of 
their mosques of its wood, whioh is all but indostruotible. The 
gum, whioh is mnch used in making fine vanishes, is imported 
to the extent of from twelve to fifteen tons annually. 

Gambooe (Hebradendron gambogioides, Grab.; natural order, 
Clusiaceos ).—Gamboge is a gnm-resin obtained from this tree, 
which grows wil^ on the Malabar and Ceylon coasts. In Ceylon 
gamboge is obtained by wounding the bark of tho tree as soon 
as the flowers begin to appear. It apiieara in oommeroe in 
three forms—in solid rolls or cylinders, in hollow rolls or pipes, 
and in amorphous masses or cakes. Gamboge is imported from 
Ceylon, Siam, sad Coohin-China. Hie best 4 the pipe-gamboge 
from Siam. « '' 

Gamboge is employed as a water-oolonr or pigment hjr 
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tftistBi aIbo in mfidioine as a drastla purgatiTe. Oar imports Peruvian bark comes to us in the form of quills or bollow 
were—in 1863, 388 owf., valned at ^3,268; and in 1864, 42 eylindws, which vary in length tfnd diameter, the longest seldom 
owt., valned at J520. exceeding two feet—^tho diameter varying from a quarter of uu 

Oaupbob Tbbs (Lamrui eamphora, L. ; natural order, law- inoh to two inches. These quilla are the bark of the smaller 

racem). _The camphor tree is a native of China, Japan, Borneo, branches of the tree, wliich rolls up thus as it dries in the sun. 

and the inlftr.d of Formosa. Camphor—a gum-reeia—js obtained Palo black arrives in quills only; the Calisaya or yellow bark, 
AS follows I—“ The wood of the Laarus is cut into email pieces, and also the red bark, emnes both in quills and flat pieces, 
and put, with plenty of water, into small iron boilers, which ore which last are derived from the trunks, and reduced to this form 
covered with an earthen dome lined within with rice straw, j by being alternately exposed to the sun and then subjected 4o 
As tho water boils the camphor rises with the eteam, and j pressure until perfectly dry. Peruvian bark is usually im- 
attachea itself as a sublimate to the stalks, under tho form of i ported in packages, or serons, made of dried cow-hides. The 
gronnlations of a grey oolonr. In this state it is picked off the annual imports into this country amount to between 60 and 
straw, and packed up for exportation to Europe.” * [ 90 tons. Tho cinchona plant has boon introduced with every 

Camphor ie brought to thie country in chests, drums, and ; prospect of auccosa into British India, whoro largo plantatiocs 
casks—small granular, friable mosses, of a dirty-white or | are now established in many of tho hilly districts; and more 
greyish colour. It is much used in musenms and private col- > recently into Japan and tho Maniitins. 

lections of ilhtaral history, aa a preservative of animal and J CascauilIiAIUkx (CrofuuFletdltma; natural order, Euphor- 
veg^blu bodies against the depredations of insects. It is also , Maceai). —This Iroo is a native of St. Domingo, the Antillee, 
aaediii medicino, in tho composition of vaniishos, and in tho ; and the Bahama Islands. Its bai-k is imported chihfly from 
monafacturo of fire-works, llie^otal amount annually recoivod ' Elouthera, ono of tho Bahamas, and comes in small-sized quiUs 
from China and Japan is abont 466,000 ])ouuds. ^ and in chips. Cascarilla bark lias strong aromatic and tonic 

Fbankihcenhs! {liosu'dlia sermta, Eoxbnrgb ; natural order, : properties, and is an excellent remedy in chills and fover, being 
Amyridacem ).—This is an odoriferous gum-rosin, much used by j occasionally employed as a substitute for oinchona. When 
tho Eomaii Catholics in their churches. It was employed by , burned it gives forth a sweet musky odour, and is often used iu 
the priests of ancient Egypt to conceal tho unpieaseiit emana- , fumigations. The amount annually received in this country is 
tioim arising from tho sacrifices offered in their temples. It is ; from ten to twelve tons. 

imported from India and tho Levant. | Cedbon (Simaha eedron, Aubl.; natural order, Shnarubacm). 

Asapcbtiua (Sarti.ix as(if<rtida. Falconer; natural order, I7/ii- 1 —Tho oedron is a small treo confined to tho republic of New 
hcllifera ’).—This fetid gum-rosin exudes from incisions made > Granada, ranging from about the 5th to tho 10th degree of 
in tho roots of tho plant. It is first a milky juice, but whon | nurth latitude. Every part of the plant, but especially the seed 
dried in tho sun, acquires a mottled appearance and a pink \ —owing to the presence of an alkaloid (eedrine )—is intensely 
oolonr. The plant is indigenous to tho south of Persia, Affgha- < bitter. On account of this principle, it is used extensively, and 
nistan, and the Punjaub. Asafootida usually comos over iu j with considerable success, iu cases of intermittent fever. But 
casks and cases. It is much used in medicine as a vaUiable i the chief ropuLation of tho cedron rests upon its being con- 


etimolont and anti-spasmodic, in oases of asthma and spasmodic 
cough. 

^ VI. THE BABKS op COMMEBCE. 

Many varieties of bark are known in commerce, tho chief of 
which aro those used for medicinal purposes, such as tho Poru- 
vian and Cascarilla barks; and economic barks, employed iu 1 
tbe arts and manufactures, such as tho bark of tho cork oak, 
and tho valuable tanning bark of the common oak. 

UEDICnVAL BABKS. 

Pebtjvian Babe (Cinchona Condaminea, Humb. and Bonpl., 
etc.; natural -^rdor, Ciiiclionacew). —Peruvian bark is tbo pro¬ 
duct of various species of Cinchona, a group of evergreen trees 
and shrnbs growing on the slopes of the Andes in Peru and | 
Bolivia, at olevationa varying from 7,000 to 10,000 feet above 
the level of the eoa. 

Tho medicinal properties of this bark are entirely owing to 
the iirosenoo of three alkalino and bitter principles —quinine, 
cinohonine, and qninidino—^whioh are the most effective remedies 
known against intermittent and allied fevers. Tlie Jesuit mis- 
eionorioB wero the first to discover and make known its value 
aa a remedial agent, and for a long time they were tbo solo ven¬ 
dors of it, whence its name of “ Jesuit’s ^urk." The generic 
name Cinchona, was given to the plant because, in 1638, the 
-Countess of Cinchona, wile of the Viceroy of Pom, -was cared of 
intermittent fever by its use; henosf also, tho powdered bark 
was oallsd Pulvts ConUtista, or Countess’s powder. 

There ore, at the fewest, twelve specios of Cinchona from 
which the Foravian bark of commerce is derived. All these 
resemble each other in their general features; having opposite 
leaves, which are shining, Wceolate, on short petioles, and 
small, tnbvdar, and whits or rose-coloured flowers, arranged In 
ample pamolea at extremities of the branches. The princi¬ 
pal varieties of Penivian bark reoognised in the Phoimacopooia 
are the paU, the yellow, the rsd, and the crowa bark. Pale or 
grey bark is obtained from Cinchona nitida and C. micraniha,- 
Loxa or crown bark, from C. Condaminea; yellow or Calisaya 
bark is yielded by Cinchona CaUsoya; the sonroe of the rod 
bark is not yet ascertained. The pale bark contains most 
cinohonine, tho yellow most qninino; Loxa or crown bark, the 
largest proportion of qninidine; the red yields the alkaloids in 
shoot equal proportions. 

* TTm's "Siottonary of Arts, Monnlaatatea, and Minei." Vol. I. 
London, 1867, 


sidered an efilcacioua antidote for tho bites of snakes, scorpions, 
oentipodes, and other noxious animals; and so highly do the 
natives of the land in which it grows value it, that they will 
pay a large price for a ainglo seed. 

Quassia Auaba, belonging to tho same order as the oedron, 
is ahio a valuable febrifuge. 

VII. TANNIKO MATKBIALS. 

In the bark of certain trees a peculiar light yellow glistening 
substance exists, called tannin, or tannic acid, which consists of 
small yellow crystals. This tannic acid has the power of com¬ 
bining -with the gelatine in the skins of animals, and converting 
them into leather by forming a tannata of gelatine. Tho most 
valuable bark for this purpose is that of 

Oak (Querrus peduneulata; natural order, Cupuli^ere/j.— 
Indigronous to this country, and also much cultivated. We im¬ 
port large quantities of oak bark from Holland and Belgium. 
In 1852 we received 19,034 tons, whilst tho homo produce was 
150,000 toffs. 

Valohia {Quereui cci;tlqps).—Under this name the aoom-cups 
of this species of oak aro nsod; although the tree is dwarf and 
sfambby, those cups ore very large and much prised by tannery. 
Largo quantities are imported from -the Levant, chiefly vii 
Smyrna, not less than 29,396 -tons having been received in 1866. 
Sometimes the acorns are gathered before they ace fnlly formed; 
they aro then called eamata, or camatina. In this state they 
are more valuable, but too expensive to bo largely employed. 


TECHNICAL D li A WIN G.—XXIX. 

DKAWING FOE MACHINISTS. 

ISOMETBICAL PEOJECTION. 

The principles of isometrical projection having already been 
given in previous lessons (Vol. I., page 267), it is not noei'.ssary 
to repeat them hero; it -will bo snfficiont to remiiid the .ntudeiit 
that the square A c B D (Fig. 267) is represented iu isometrio 
projection by the lozenge a' c b i). 

From this figure it will bo seen that the side D B of the 
square is at 45“ to D e, whilst the side u b is at 30“ to u E. 

Tho difforeiice, then, between tho tri ,ngle d b b and tVie 
ttjanglo D E B is tho triangle D b B, tlio angle b d B being 10“, 
and 1> B b being 45“. 

It will therefore bo plain that if the side of a cube bo given. 
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and wo are required to find the side of the hezagou'whioh would 
form the isometric projection - of it, we need only take the 
length as the basis of a triangle, as s b, at the one end con- 
etmet an angle of 30^ (that is, an angle similar to B i> b), 
and at the other an angle of 45° (similar to the angle h B d). 
^lis triangle then, ns said before, will represent the side of 
the cube and its isometric projection. 

The side D b of such triangle will be the required length of 
th^ side of tlio hexagon, and any dlTisions cr parts marked on 
B D, on B /, may bo toansferred to b D by drawing a line from 
f parallel to i) b, cutting b x> in g; then b g will hare the same 
proportion to b u that B / has to b i>. 

CONBTBUCTION OF AN IBOMETBICAI. SCAB®. 

Although the method of constructing the isometrionl scnlo 
has been given in a former lesson (Vol. L, page 269), it is 
repeated here for the uonroniehco of the student, to save the 
trouble of reference to another volume. 

Let it,be required to construct an isometrical scale of ^— 
that is, 1 inch to the foot. 

Fig. 268.—^Draw the line a b, and A c at an angle of 15° to 
it. It will be found convenient to draw an angle of 80° by 
means of your set-sqaare, and to bisect this angle. 

From A sot off any convenient number of inches to represent 
feet, as A n, D E, dividing any one of them into 12 equal parts, 
as D E. 

Now from E draw a hue at 45°, cutting A c in F. 

From all the points of division, 1 to 12, draw linos parallel 
to E F, and these will give on A o the divisions contained 
between o and f, which will represent the twelfths of iuchos 
in the isometrical measurement. 

Fig. 269 is an isometric projection of a square case divided 
into eompartments. 

Lot A bo the position of the nearest angle of the object to be 
projootod. 

On each side of a draw a line with the sot-square of 80° 
placed against the T-square. This will at once give the angle 
B a c (120°) which will be formed in the isometrical projection 
by the mooting of two linos at right angles to each other. 

Now the measurements of this cose are as follow:—General 
front elevation, 2' 1" square; depth, 5"j thickness of wood, 1"; 
width of compartments, 7". 

On A Greet a porpondioulor. Make A D and a b 2' 1" by the 
isomotrio scale. Braw n k parallel to a b, and b e parallel 
to A D. This will complete the isometrical projection of a 
vertical square, which would be the loft side (A) of the cube 
shown in Fig. 270. From 1 > and s draw linos parallel to a c. 
On A C sot off the depth of the case—vis., 5"—and erect a 
perpendicular cutting the line drawn from D in f. From f 
draw a line parallel to D e, cutting the line drawn from E in a. 
This will complete the projection of the object treated as a 
blook only. 

Now it will be clear that, as the thickness of the wood is to 
be 1 inch, and there are to be three compartments in width, and 
three in height, these will be 7 inches each; therefore, ^ong 
A B and A o, set off an inch for the thickness of the case, then 
a space for the compartment, on inch for the thickness of the 
board dividing the compartment, and so on. 

IVom those points lines drawn parallel to the sides of the 
figure will complete the projection of the front of the case. 

Now from each of the inner angles joining the planes of the 
sides of the compartments whicdi would be visible, draw lines 
Xmrallel to A c. 

From the points on A D, marking the thickness of the sholvos, 
draw lines parallel to a c, cutting c F in H, i, etc. 

From these points draw lines parallol to A b ; these, cutting 
the lines already drawn from the inner angles of the compart¬ 
ments, will give the distant inner angles at which the per¬ 
pendiculars form the back edge of the upright divisions, and the 
projection wiil%hus be completed. 

Fig. 271 is the isometric projection of a woodeti etand for a 
machine. It is drawn to the same soalo as the last, the 
dimensions being as follow: —Length, 3 foot; breadth, 1' 10j" ; 
height,' 2' 54" j thickness of legs and rail, 3". 

The lines A B (8 feet) and a C (1' I 04 ") having boon drawn 
at the angle of 30° to a horizontal line, the lines b d and c b 
are to be drawn parallel to A 0 and A n respeetivoly. * 

On each side of a, and inwardly from b and c, on the hnes 


A B and b c, set off three inches representing the thiekneSB of 
the legs—^viz., e, f, o, and H. 

From these jxnnte draw lines parallel to those already drawn, 
and these will complete the plan of the stand, giving not only 
the boundary lines of the space covered by tihe object, but 
also the projeotione of the square spaces in which the legs will 
stand; and this is one of the advantages ^f isomotrioal pTo* 
jectiun, in which the objects are worked without a separate 
plan or olovatiou, the drawing uniting in itself plan, elevation, 
and projeoted view. 

It is not always necessary in practice to project the whole 
plan, but in the present case it is required in finding the inner 
sides of two legs, and tho position and width of the distant one. 

Thus the linos drawn from a and k, intorsecting, give the 
point I, and being carried beyond this point they outiB D ondl 
c D in J and K, thus completing tho plan of tho distant leg. 

Again, o j in passing through tho line drawn frqm f gives the 
point ti, whilst the lino drawn from E, catting K K, pves M, 
the position of the perpendicular for the inner side of the leg. 

Now from a, b, and c erect perpcndioslarB. 

Make A 0 2' 54 " high, and from o draw linos parallol to A b 
and A c. Those will out the porpendioulars drown from B and c 
in r and q. Tho perpendiculars b p and c q will ucoossorily bo 
tho some Wght as a o. 

From p and q draw lines parallel to o r and o q, which 
intersecting in b will give tho projection of tho outlino of tho 
top of tho object. 

Draw porpendioulars from E, f, q, and ii to meet tho linos o p 
and O q in s, t, Xt, v. From these points, lines drawn parallel 
to the sides of tho external figure will give the projection of 
tho top of tho stand corresponding precisely with the plan. 

From O sot off o w, rcprosciiling tho depth of tho upper rail 
—6" by scale—'and from w draw lines parallel to the sides of 
the objoot. Tho lino drawn from w on the loft side will cni 
the perpendicular h v hi x, and similarly the line drawn from 
W on tho right side will out tho perpendicular a v in y. 

Lines drawn from x and y parallel to A 11 and a c will inter¬ 
sect in z, and give tho lower edge of the inner surface of tho 
two distant roils. 

The intersection z will, if tho work has been accurately done, 
fall on the perpendicular from I, the innor edge of the distant 
leg. Perpendiculars from J and k may now bo drawn, and the 
cross-stay may also be added, thus completing tho projection. 

Fig. 272 is an isometrical projection of a simple circular solid 
penetrated by a square prism, showing tho principles on which 
a wheel would be projected isomotrically. 

It will bo remembered that projection does not deal with 
circles pr curves as such, but requires that they shall bo enclosed 
in rectilinear figures, across which diagonal or other lines arc 
drawn. Those figures arc tlion projected, and the circles or 
curves arc drawn through tho points corresponding to those 
through wliioh they would pass in the original figure. 

Fig. 273 is a quarter of the circle about to be projected, 
enclosed in a square which would represent one quarter of th^ 
square required to contain tho whole circle. 

Now, ns a rule, the thickness of the square solid to be pro* 
jected would only require to correspond with that of the wheel; 
but in the present case the length of the iienctrating prism or 
axle corresponds with the diameter of the circle, and tho con¬ 
taining blook would therei^o bo tho cube A B c B E F q. 

In the middle of the side A e tbo thickness of the wheel B 
is to be marked, and tho perpoudionlars h j and z £ having 
been drawn, tho square slab which would coutoin tho wheel is 
to be projected. 

Now tho whole square containing the circle would require 
that diagonals should bo drawn across it; therefore in the 
square j Imm' (Fig. 273) draw tho line j mb which would be 
tho half diagonal. This small square, it will be remembered, 
is a quarter of the larger one, which for tho present purpose is 
auffioieut. 

Draw diagonals in the surface projected from j H—^viz., J h', 
j' h —which will represent tho complete diagonals drawn across 
the square. 

llirough the point in Fig. 273, where the quadrant passes 
through ithe diagonal, draw a line ton; and from L in Fig. 272, 
which is the extremity of the horizontal diameter !• !■', Set off 
L N and li equal to 1 n in Fig. 273. ^ • 

From N and nd draw liffcs x>srallel to A 0 , and fUbse inter- 
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MotinK the diagonals, will give ti^o points o, o, o, o, corro- of buildings, orthoEn:aphio projection on the inclined piano, and 
spending with o in Mg. 272. ^ perspective, can be employed. 

Through the intersection of the diagonals draw the porpon* | Fiotures of machines are. however, seldom required for trade 
dioular M m'; then throngh the points L, O, m, o, l', o, m*, o, i,, purposes, and thus isomctrical projection may truly be said to 
draw the curve which will represent the circular face of the constitute the perspective of the workshop. 
wheel. Proceeding now with our object, project from i K the surfooe 

Although this form is evidently correct, it is not a pleasant 11 ' K.,corresponding with h ^ j' Jj draw diagonals x f 

' ♦ o 
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one, since the circlo does not seem upright, oaring to the longer and k' i, and through their intersection draw the diametora 
diameter of the ellipse being on the diagonal drawn at H, v p and q r. 

instead of on tlie vertical diameter m'm. Now it will bo seen that these points r, p, q, r could have 

The difference of the results of the different modes of render- boon obtained by drawing lines from h, m, l', m', as i, r, ir r, eto., 
ing the cirolo by projection will bo clearly underatood by and this knowledge enables us to find the points s, t, ft by 
referring to the speed-pulley projected from its plon, in lessons simply drawing lines from o, o, o, parallel to i n; these will 
in “ Projedaon,” and by ilio oirclos, etc., projected in “ Prao- cut the diagonals in the required points. Tho same result 
tioal Perspectiva” ^ might bo attained by drawing lines from xr, v' parallel to A >, 

Still -the advantages of isometrioal projection are so mau^* to out k i in v w, and from v w drawing lines parallel to a c, 
ghat the mere appearance is but secondary, as when picftbrial cutting tho diagonals K l' and i k'. 

views of maohinery ore required, or vlSwe of buildings or bluoke To project the square prism penetrating tho wheel, set off 
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its 'width X T on A n, and draw lines parallel to a c. Those, 
catting the ^gonals A d, b C, will give the fonr points T, z, z', 
Hf, irMch joined, will bo the required projection. 

' It will be seen that the points T and h' have already been 
■osed for a previous purpose. The points now xwod fall exootly 
on these; 'this would bo altered if the prism wore of a different 
length. 

It will bo evident that if the axle wore required to bo 
oyllindricial, a oirule could easily be projected in T z' h' z, as in 
-the former portion of the figure. ' 

The points at wldch the prism i)enotrnteB tlio vvheol are 
f oiind by drawing hues from i', z', h'. z parallel to a h, cutting 
the diagonals j h', H j', and its distant end is projected by 
producing those lines to out tho diagonals of tho distant side 
of tho culie. 

Fig. 274 is on isometrical projection of n trostlo, tho working 
of which, being simply an application of princi]>les alroaily ex¬ 
plained, is left to the knowledge and ingenuity of tho student. 


NOTABLE INVENTIONS ANI) INVENTORS. 

XI.—THE COTTON MANUFACTUEE. 

BY JOHN TIMES. 

Cotton, named by 'the Arabs KuUi or Kutiin. is a filnraontou.s 
matter, produced from tho surface of tho seeds of the (htamjpium 
plants, found wild in both the Old and New Worhl. Herodotus 
and Arrian speak of the cotton-plant as iudigenons in India, 
and 'Uio linen found in Peruvian tombs attests iks buying exi.sted 
in that country long before it could possibly have been carried 
to America by Eastern intercourse. In fact, the wild Auiorinan 
cotton-plants aro spooifically different from tliosc of the Old 
World! but at the present day, the cot'ton of tho West is oul- 
'tivated in Asia and Africa, while that of the East has long 
since been introduced into the American plantations. 

Cotton has boon wrought into garments for tho people 
of India for 3,000 years. Humboldt states that it formed the 
only clothing of tho natives of Mexico, and is one of the plants 
•they most anciently ooltivated. There is evidence of tho 
existence of the ootW-plant in America long before there was 
any direct communication between the civilised world and the 
two great portions of that continent; and wo have it positively 
stated that tho Spaniards found calico common in the dresses 
of the inhabitants when they conquered Mexico. It must have 
been known to the ancient Egyjitians, and Itosellini found 
some of the seeds in one of the monuments of Thebes. It is 
oonjeotarod that fine Indian cottons were used in ancient Borne 
because there was a rognlar oommercial intercourse established, 
through tho medium of Egypt, between Borne and India, ■the 
chief part of which was on the coast of Malabar, whore weaving 
was practised at 'the remo-test period of -whiuh we have any 
ToooTd, Pine cottons were Imported into Europe in Juvenal's 
time, as they were ages before from India; and from China, the 
country of 'the Seros, came silk, which the Bomans beUevod to 
griiw on trees. Virgil, in'the “Georgies,” seems to oUudo to 
the cotton-plant and silk as follows:— 

*' Of .Xthiop’s hoary trees and woolly wood, 

Iiet others tell; and how the Sores spio , 

Tholr floboy forests in a slender twine."— Dri/flcn's Traiislaiion. 

The Germansii who in general avoid introducing into their 
huignage words of foreign origin, coll cotton Iiaumwollc, i.c. 
tree-wool. Cotton-wool ■was known in Spain m the twelfth 
, coutury. It was imported by the Genoese and Venetians into 
England and tho Netherlands in the beginning of the fourteenth 
century *, but tho use to which it was applied, except for candle- 
•wioks, is TOt kno'wn. In 1430 fustians wore mode, perhaps 
invented, in Flanders. In 1584, several ships from Loudon 
and Bristol traded to tho Levant, and imi>orted, among other 
artioles, cotton-wool. It might, therefore, bo expeotod that at 
■this time some cotton fnt tories would have been established in 
England 5 ' mi 4 this eeems to be confirmed by Leland’s lUnerary, 
in the reign e* l^eniy VIIL, stating that cottons were made at 
Bolton-le-Moors, in lianocuhire, and in tlie neighbouring villages; 
also' by the mention, in 09 Aot of Parliament 4 >asBed in 1552 
(Edward VI.), of Manchester, Lancaahiro, and Cheshire cottons. 

la tho early stages of the trade, the raw ootton mannfactnred 
in Great Britain was chiefly tho produce of t^e West Tu die e < 


tho finer sorts came from Surinam, the Braeila, and the Me of 
Bourbon. Tlie cotton from tho last-named^settloment commanded 
the highest price in tho English market up to the end of the 
last century, when it was superseded by the Sen Island cotton, ■' 
found in Georgia, Florida, and SoaOi Carolina. The cultivation J' 
of cotton in America made very little progress at first. In ' 
1791, sixteen years after tho first sample had been sent to 
England, tho total import of American ootton at Livorj[K>ol was 
sixty-four bags. Two years later an American inventor, Mr. 
Whitney, discovered a very simple and expeditions method of 
separating the wool of the cotton-plant from the seed—a 
process which had previously been both ■tedious and expensive. 
Tet in 1784, when an American vessel arrived at Liverpool 
with eight bales of cotton on board, they wero seized by the 
Custom House officers, who had never before seen cotfbn from 
that qjiarter, under the impression that they had boon importud 
from some other country. In 1785 only five bagf of American , 
Cotton woro imported into LivoriKX)!, and in tho following year 
six bags. Such were the small beginnings of that immense 
trade wldch now gives employment ■to milliona on both sides of 
■tlio Atlantic; and which, according to tho Abolition party, 
has been llio main cause of tho rapid increase of the wealth 
and influence of tho slave power in the United States. 

The British colonies are capable of producing vast quanti¬ 
ties of oolton, and in our groat colony of India tho plant is 
indigenous. It has been coinputod tliat a piece of ground of 
the size of Yorkshiro is sufficient tp produce a quantity of 
cotton nearly double tho annual oonsumptioii of England. Tho 
supply from tho British possessions is greatly increasing, ospo- 
eially in India, in oonseqnoncc of the construction of tailways 
and canals ; wlillst siieeimens of cotton cloth have been shown 
from th(! East and West Indies, and Australia, fully cciual ki 
quality to tho host from New Orleans. A field of American 
ootton at the gatlioring season, 'when the globes of snowy wodi 
are seen among tho glossy dark-green leaves, is singulariy 
beautiful: atid in tho hottest conntrios, wlioj'C the yellow 
blossom or flower and tho riimnod fruit aro seen at tho same 
time, the beauty of tho plantation is still juoro remarkable. 
In the early stages of tho cultnro in India it was described os 
very slovenly, as the seed was sown broadcast, and tho plant 
neglected at every stage of its growth; which, together with 
the carelessness of the natives in gathering the ootton, in 
separating it from the seeds, and in packing it, made tho Indian 
cotton very inferior to that of the Uuitefi States. Nevertheless, 
the perfection 'to which the weaving of cotton hod then boon 
brought by tho nativos of many paits of India, notwithstanding 
their rude and imperfect implements, attests at once their 
patienoo and ingenuity. A petmliar combination of boat, light, 
and moisture is essential to 'the quality of cotton, tho moat 
favourable instonoo of whioh may lie assumed to bo tho coast of 
Georgia and the Carolinaa. In 1862 tho value of the whole crop 
of American cotton imi>urtod into England was .£30,000,000;' 
equal to that of the British wheat cwop. 

The economy of tho cotton manufacture bus boon exemplified 
by modem instaaooa, which strikingly carry oonviotion with 
them. Thus wo read of the superiorly obtainod by tho use of 
maghinery compArod with tho laborious process of the Hindoo 
seated on the ground, with his legs in a hole, producing the 
most beautiful mnslin; wboroaB -the cotton can be brought 
10,000 miles, cleansed, spun, woven, dried, packed, and carried 
back again, and then sold in -the provinces where it ■was first 
grown, at a less {wice than that of the cloth produoed by iho 
Indian weaver. ' Wo rood also of the early stages of a pound 
of unmanufactured cotton, which came from the East Indies to 
London: from London it went 'to Manchester, where it was 
manufactured into yam; from Manchester it was' sent 'to 
Paisley, whore it was woven; it was therf sent to Ayrshire, 
whore it was tamboured; it came back to Paisley, whore it 
was vohnod; afterwards it 'was sent to Dumbarton, where it 
was hand-sowed, and agam brought to Paisley; whence it was 
sent to Benf row to ho bleached, and was returned to Paidoy; 
wbenoo it was sent to Glasgow, and was finished; and from. 
Glasgow it was sent per coach to London. The time oconpied in 
bringing this article ■to market was three years, from its being 
iMekod in India till it arrived in eloi^ at ibo morohant’s 'WBxe- 
bitUv.in London. It mnst have beta conveyed S,000 miles bjr 
sea, and about 920 by land, and contributed to Bajq^Mirt sot less 
than i66 Bgrsons, by which the value had VadB ineieMed .fliOOO 
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por csuti "Well, indeed} may tto atcam-engino have been 
tomod “ the cotton-apianer’a boat friend.” 

Tho drat apimung-machino on record was patented in 1738, 
by Louis Paul, with whom John Wyatt had uonnocted Iiiuiaolf 
in partnerahii), though tho name of Wyatt apjjcars only ns a 
witneaa. This statement is founded solely on information fur¬ 
nished by Wyatt’s family; and the. Into Mr. Robert Colo, the 
solicitor, proved that Louis Paul was tho aolo inventor of a 
machine for spinning cotton by rollers, ond that Wyatt was a 
workman in Paul’s employ for weekly wages—as proved by 
patents and papers in Mr. Colo’s possession, iwludiiig several 
hundred letters, mostly relating to cotton nmcliinery. Paul 
had already patented a pinking-machino, by which ho made 
oonsiderablo profit, and a deed extant proves that ho received 
^200 fbr allowing one person to use the miichinc. Paul's 
apimiiug-maehino patent, as wo have said, is dated 1738. It 
was then reejiisite for’on intending patentee to make an affi¬ 
davit that ho was “tho first anil solo inventor” of tho machine 
about to be patented, and having ol tained the patent he 
realised considerable sums V>y gr.antiiig liecJiccs. Tlie deed of 
May, 1733, is signed by .Tehu Wyatt, as atte.stiiig witness; 
.and in it tho muchino is referred to “ as luvented by the said 
Louis Paul,” who eovonnnts to fit it up. Dr. J.amos, writing to 
Warren, a Birmingham bookseller, dated Lnndrm, 17tli of July, 
174t), says, “ Yesterday we called to see Mr. Paul’s mueliine, 
whioli gave ns entire satisfaction, both in regard to the eurdiiig 
and the spinning. You have nnthing to do but to got a pur- 
ehase for your grai.t. 'I'Uu sight of the thing is sufficient 
demonstration enough. I am certain that if Paul oimld begin 
with .£10,000 lie must, or at least might, get more money in 
twenty years than tlio citj- of London is worth.Wyatt uad 
clearly advanced money to Paul at first, and he continued to 
do BO, cither as loans or for wages, until the total reached 
£200. In eoiisequiuieo of this debt, a luortgage deed was 
prejiarcd between Paul and Wyatt, referring to 300 spindles for 
spimiiiig, “aeoording to the said invention of tho said Louis 
Paul.” wliieh were conveyed to Wyatt, bis heirs, etc., to whom 
Paul covenanted, within six niniiths, to “ give the same plan • 
for working, etc., as he bath already gone by.” I'aul further 
covenanted to give to Wyatt a plan of another niachirjo wliieh 
he had invented " for tho carding of wool, and other tilings for 
tho u-se of the before-mentioned maebiuo, or engine for spin¬ 
ning.” Subsequently, when in tho Fleet Prison for debt, 
Wyatt wrote to Sir Leicester Hall, “ I am the iirrson that was 
the principal agent in compiling the spinning eivnie.” Paul 
obtained a renewal of his patent, and tried to erect one of ids 
machines in tho Foundling Hospital, whereby, as he said. ” a 
number of mixed children, between five and fourteen years, 
might bo enabled to earn their food and clothing.” Paul’s 
mnohino was ultimately abaudonod, having been brought to no 
practical effect, altliongb it was adduced many years aftorwarils 
«s evidence against the origimality of Arkwright’s invention. 

Tracing tho means by which astonishing results have been 
affected, wo find that in tho year 1760, or soon after, James 
Hargreaves, an untaught weaver, living near Church, in Lanca¬ 
shire, began to devote his attentien to the application of 
machinery to the proparaiaun and spinning of raw cotton for 
■jireft. In tho same year the Society of Arts offered a premium 
for the greatest improvement on tho common spinning-wheel, 
and afterwards offered a premium of £100 for tho construction 
of a machine that would spin six threads of wool, cotton, flax, 
or silk, at the same time. Hargreaves first invented an im¬ 
proved method of carding the cotton, not very different from 
toat now in nse j and in 1767 he invented the spinning-jenny, 
drawing several threads at once—at first containing eight 
addles mode to revolve by bonds from a linrizontal wheel. 
The power of the tipinning-ienny was soon increased to eighty 
spindles, when the saving of labour produced such alarm 
amongst those persons employed in the old mode of spinning, 
mat a jwrtgr of them broke fiito Hargreaves' house, and destroyed 
his mMl^e. It was, however, again brought into use, when a 
second rising took place, and both carding and spinning machines 
were destroyed, one result of which was that the manufooturo 
WM, for a time, driven away from Lancashire to Nottingham. 
HMgreaveB stated that hg derived his idea of tho jenny from 
^ aect ng a hand-wheel with a. tdngle spindle ovortumod, when he 
remarked that the spin^o, which vaas before horizontal, was 
'men rertioal; and. as it continued to revolve he drew the 


roving of wool towards him into a thread. He then conceived 
that if something could be applied to hold the rovings as tho 
finger and thumb did, and that contrivance to travel backwards 
on wheels, six or eight, or even twelve threads, from as many 
spindles, might bo spun at once. This was done, and suc¬ 
ceeded; but Hargreaves, driven by the mob, as we have 
doscriboil, to Nottingham, could uot boar up against such ill- 
treatmOiit, and there died in obscurity and diatresa. He had 
previously given the property of his machine to the Strutts, ^o 
thereon laid tho foundation of their industrial success and 
opulence and a peerage. 

Tho cotton yarn produced by tho common spinning-wheel and 
spinning-jenny could not, however, jirodnce-cotton yam suffi¬ 
ciently strong to bo used as warp, for which purpose linen 
yarn wa.s emjdoyed ; and then another machine, the spinning- 
jenny, whinh took up what Hargreaves had begun, was invented 
by as humble an individual, Richard Arkwright, who was bom 
at Preston in 17.32, and being the youngest of a pour family of 
thirtoon eliildron, ho rcooived very littlo education. He was 
bred to tho business of a harbor, which he carried on in tho 
town of Bolton, where remain two shops onoe occupied by him. 
Ho became a dealer in hair, wliieh ho collected through tho 
country, and Imviug dressed it, ho sold it to the wig-makers. 
He possessed likewise a profitable Hccrct method of dyeing hair. 

Up to this time tho English cotton cloths (called calico, from 
Calicut, in India, the place of their X'roductionl luid only tho 
weft of oottoTi, the warp or longitudinal threads being of linen, 
it being impossible by any mean.s then known to spin cotton 
with a sufficiently hard twist to bo used os a warp. The raw 
materials were dolivorod by tho master to cottagers living 
in the villages of the district, who both carded and spun tho 
cotton, and wove tho cloth. Tho demand for tlieso cottons 
soon booamo so great, that although there were 50,000 spindles 
constantly at work in J,aiicashiro alone, each occupying au 
individual Bpinnor, they could not supjdy tho quantity of thread 
required. To remedy tlii.s state of things, several ingenious 
individuals had thought of spinning by machinery, instead of 
by the one-thread wheel. Among theso was Paul, whoso 
machines have boon dcsoribed. A Mr. Robert Earnshaw, of 
Mottrain, in Cheshire, in 1753 invented a machine to spin and 
weave cotton at one operation, which ho showed to his neigh¬ 
bours and then destroyed, through the generous appreheusiou 
that ho might deprive the iioor of bread. 

Arkwright had now turned hi.s attention to mechanics, and 
with one Kay, a olockinakor, who made him some wheels, they 
jointly devised a model of a machine for spinning cotton- 
threads; and next year, 1708, they erected this maohino at 
Preston, in tho parlour of tho house adjomuig tho Free Grammar 
School; but dreading tbo hostility of the Lancashire people to 
their attempt to introduce spinning by machinery, they removed 
to Nottingham. Hero wanting capital, Arkwright took his 
model to Messrs. Need and Stmtt, stocking-weavers at Not- 
tingliam : Mr. Strutt being a man of scientific attainments, 
was satisfied of tho nature of tho proposed machine, and he 
and his partner joined Arkwright iu 1763, and took out a iiateut 
for tho machine us its inventor. It is related that when Ark¬ 
wright applied to Mr. Strutt., his machine was much impeded by 
tho fibres of tho wool sticking to tho roller, which defect Mr. 
Strutt engaged to remove on condition of participating in tho 
piofits of tho result. They repaired to tho mill, when Mr. 
Strutt, taking a lump of chalk out of lus poctet, applied it to 
the roller, and tho sticking was instantly prevented. A 
spinning-mill driven by borse-power was, at tlie same time, 
erected and filled with frames. In 1771 Arkwright and his 
partners established another mill nt Croraford, in Derbyshire, 
the machinery to which was set in motion by a water-wheel; 
and in 177.5 ho took out a second patent, with additions^ to 
his former one. This was a combination of the carding 
and spinning machinery with two pairs of rollers, tho^ one re¬ 
volving faster thou the other, which forma tlie iieculionty of 
the maohino. _ , 

Tbo most important of Arkwright’s c'ontrivifiees was lus 
drawing ont tho cotton to a harder twiatoii thread, so aa tp^ bo 
used for warp as well as weft. This wos managed by a piipciino 
altogether novel. The cotton was first drawn from off tho 
sliowors by one pair of rollers made to move at a oomparatively 
slow rate, and whioh formed it into threads of a first or coarser 
cpmlity; bat at a little distance behind the first was placed a 
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Boaond pair of roUora—^revolving three, four, or fire times as 
faat-^Moh took it up when it hod Xjaaaed throngh the others, 
the effect of which was to rednoo the thread to a degrpe of 
fineness so many times greater than that which it originally 
hod. The first pair of roUers might be regarded as the feeders 
of the second, which could receive no more than the others 
sent to thorn, and that again could bo no more than these others 
themselves took up from the skewers. As the second pair of 
ro\]er8, therefore, revolved, wo will say five times for every 
revolution of the first pair—or, whioh is the same thing, ro- 
qnirod for their consumption in a given time five times the 
length of t^oad that the first did—they could obviously obtain 
so much length by drawing out the common portion of cotton 
into thread of five times the original fineness. Nothing could 
bo more beantifnl or more effective than this contrivance, whioh, 
with an additional provision for giving the proper twist to the 
thread, constitutes the water-frame, or throstle, so called from 
its being originally moved by water-power. Suoh, in principle, 
were the two groat inventions that effodtbd on entire change in 
the manufaoture of cotton, wool, and flax. 

The idea of spinning by rollers Arkwright accidentally de¬ 
rived from Boeing a rod-hot bar elongated by being made to 
pass between two rollers; and though there is no mechanical 
analogy between that operation and the process of spinning, it 
is not difficult to imagine that by reflecting upon it, and placing 
the subject in different points of view, Arkwright might be led to 
this invention, whioh ho spooiuUy claimed os his own. Of other 
machines which he included in his patents, ho was rather the 
improver than the inventor; and the origin^ spinning-machine 
for ooorso thread, the spinning-jenny, Arkwright admitted to 
have been first oonooivod by Hargreaves. Previous to this 
time no establishment of a similar nature had existed, none at 
least to whioh the some system of mauagomont was applicable, 
and it strongly marks the judgment and mental powers of 
Arkwright, that although the details of manufacturing or 
commercial business wore altogether new to him, be at once 
introdneed a system into his works whioh has since boon uni¬ 
versally adopted by others, and whioh, in all its main features, 
has remained unaltered to the present time. In the year 1775 
he completed a series of machinery so various and complicated, 
yet so admirably combined and well adapted to produce tlie 
intended effect in its most perfect form, as to excite the 
astonishment and admiration of every ono capable of appro- 
ciatiug the ingenuity displayed and too diffionltios overcome. 
At the expiration of the partnership of Strutt and Arkwright 
they separated. Arkwright went on by himself at Cremford, and 
toe Strutts for toomsolvee at Helper. A fierce spirit of dotrac. 
tion strangely represented that Arkwright stole too invention of 
another; bnt Mr. William Strutt, who was a oompetont judge 
on such subjoots, attested that Arkwright was a skUlod me- 
chanio, and quite equal to such an invention. He did not, 
however, enjoy the rights of his ingenuity without opposition 
alike from the manufacturers, and the spinners, and too weavers. 
His factories were attacked, his patents were invaded, and the 
merit of his being an origin^ inventor denied. Circumstantial 
aoeonnts of this system of injustice ore to be found in too 
histories of too cotton manufaotnre, bnt cannot be quoted in 
this sketoh. The “ Enoyolopmdia Britonnioa” bus this con- 
elusion; “We have access to know that some of Mr. Arkvrright’s 
most intimato friends never had the slightost doubt as to too 
, originality of his inventions, and some oonld speak from their 
own personal knowledge, and their testimony was nuiform and 
consistent,” and such became the opinion of the principal manu¬ 
facturers of Manohestor. “ If,” says the “ Penny Cyclopeodia," 
.*‘tho ovidenoe bo fully weighed upon which it has been attempted 
to convict Arkwright of too serious charge of pirating other 
men’s ideas, wo tliink it will rest upon very slight grounds, 
while the proofs which he exhibited of possessing talents of the 
very highest order in the management of the vast concerns in 
whioh ho was afterwards engaged, are unquostionablo.” It 
was not, however, until after the lapse of five years from their 
erection, toat from the works at Cromford any profit was 
realised ; bnt Com that time wealth flowed in abundantly. The 
establishments were greatly extended, and new ones were 
farmed, and snooees continued to flow, notwithstanding Ark¬ 
wright's patent had boon cancelled by law. Meanwhile, he had 
almost built the town of Cromford, and lived in patriarchstl 
prosperity amidst the scenes of industry where he raised up 


his own fortune. He served as High Sheriff of Derbyshire in 
1786, and received knighthood from King George HI. But his 
health failed, and he died in 1792, in the sixtieth year of his 
age, leaving a fortune little short of half a miUion, besides 
having pKsented each of his ton children with ,£20,000. No 
man over better deserved this good fortune, or had a stronger 
claim on the respeot and gratitude of prosperity. His inven¬ 
tions opened a now and boundless field of employment, and 
while they have oonferrod infinitoly more benefit on his native 
country than she could have derived from the absolute domi¬ 
nions of Moxioo and Peru, they havo boon universaUy produc¬ 
tive of wealth and enjoyment. 

The power which gave motion to the rollers and spindles of 
Arkwright and his follow-inventors was supplied at first by 
falls of water, when manufacturers of necessity planted their 
establishments in districts whore water-power was readily 
obtoinod, however inconvenient those situations, might bo in 
other respects. Watt’s improvements in too steam-engine, 
however, supplied them with what they wanted, at a higher 
prioo certainly, but at any ploco and at any time they ohoso. 
As soon as steam-onginos wore used to drive toe machinory, 
factories might be sot up in towns, made independent of 
drought or flood, and wrought by a motive power whoso euorgioa 
could bo adapted with the utmost nicety to too work required. 
Steam-engines wore accordingly employed in turning too rollers 
and other machines need in spinning the cotton, as oarly as 
1785, and tho inventions of Watt and Arkwright, when thus 
combined, gave an impulse to the manufacture, which neither 
of thorn by itself could havo produced. To show toe advantages 
toat have resulted from this combination of intellect, mdnstry, 
and capital, it may be said toat tho quantity of cotton introduced 
into this country was under 5,000,000 pounds when tho inven¬ 
tions of Arkwright were projected; in 1868 it was 11,857,893 
owt. 


CIVIL ENGINEERING.—VI 

BT E. G. BABTHOIiOUEW, C.E., U.B.E. 

CANALS (continued). 

The loss of water in a canal is variable, and at some periods 
excessive. Wo havo already pointed out tho nooessity of pro¬ 
viding for this loss by effecting a communication between too 
summit lovel of toe canal and some invariable source of supply. 
Tills point is of paramount importance, and demands a st^ 
closer notice. Supposing tho supply to bo drawn from a river, 
it is usual to construct a woir across it, and after damming 
up tho stroam, to admit a portion into the canal. Thua 
whilst the level of that portion of the river abovo the weir 
will vary very elightly under the influence of drought or rain¬ 
fall, the amount admitted into the canal will be proportionally 
constant. Under all circumstances of supply, however, it is 
imperative to provide a carefully constructed outlet for any 
exocBB of water arising from floods; the position of this outlet 
will, of course, bo in too same section of the oonsl with thq 
supply. The character of tho water admitted to the oanal ia 
a matter of importance. If derived from a turbid source it 
should, if practicable, be passed through filtering bods, or 
reservoirs, in whioh any suspended matter may bo allowed to 
settle, liiis plan will permit of a much longer period elapsinj^ 
before tho water need bo drawn off toe oanal for deansing the 
channel, for under all oircumstancos an accumulation or deposit 
of mud in tho bod will arise, and unless a system of slvicing— 
a plan adopted to a great extent in Italy—be employed, the 
water must bo ocoasioually drawn off; and os from necessity all 
navigation has to bo stopped daring this period, overy meona 
should be adopted to obtain pure water to supply the Iqss. , 

Tho course of tho canal, whioh we have sta^d must be guided 
by eommeroial as well as engineering considerations, needs a 
few worda of consideration. It is not always possible, owing 
to the nature of the ground, to load the main channel of a 
canal through a town. If such is the cose, an offshoot or 
branch leading to some convenient locality in the town, and 
terminating with a wharf, must bo oonstruotod. 

A certain proportion must bo allowed to exist between the 
sire of the tocks and the interval between them. The reason for 
this is that a lock full of water d^rawn off from any interval 
above it for toe purposes of navigation shall not lower the ' 
water in that interv^ exlessively, that is, so that a loaded 
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barge oonld not float. As a matter of oonrae, the dimenmone 
of the ohannel of a canal are in terms of the barges which navi¬ 
gate it. Thus if wo suppose the maximum draught of any boat 
== V, its extreme broads = », and its extreme length, including 
the rudder, = l, it is usual to allow the depth of watw (d') to bo 
D I'S foot, in which D usually equals 5 feet; the width at the 
surface is usually 3(b -f 3d') = 40 foot; and the width of the 
bottom 3b = 25 foot. The width of the channel becomes greatly 
-narrowod as it approaches the look, where the width is the 
least. A lock need never exceed 

the breadth of a barge by more ^_g Pig 

than 1 foot or B + 1 foot. _ —^ 

Again, the length of the lock 

should not exceed ^ + 1 foot, :: 3;2 

and the depth d + 14 foot. An 

ordinal^ canal look is 75 feet 

long, 8 feet broad, and 5 feet — 

in depth oW the mitro-sill. - 

How the least length allow- 
able between looks should bo ' 

such that 12 inches of depth r — r — 
over and above what a loaded r*-- i‘ - - ' H 111, L 11 1 

barge will draw shall, when tbo 
barge is en¬ 
closed in the 


one would bo required if the looks were at a sufficient distance. 
In many instances canals have been out to connect two tidal 
rivers. There is in such a cose no difficulty in obtiuuing the 
water for the navigation, as the whole channol may bo re-filled 
at every tide up to the level of that tide. In this case, however, 
the entire ohannel mnst have a much larger capacity, as com¬ 
pared with that of the locks, than is required in o&er ca.seg, 
because, as the supply is only obtainable at stated intervals, 
sufficient must be admittod at these periods to compensate for 

the whole loss arising from^ho 
g, CD navigation daring the interval. 

a ZTZZZZ] 4 Hence the canal becomes its 

— I ■— own reservoir. • 

~ Tho form of the chambers 

— -- of locks should bo a paral- 

~ lelogram; it is tho most con- 

— -- venient, and expends tho least 

Zmi quantity of water. In the 

^- canal of Languedoc tho form is 

'y_ oval, but the.greater loss of 

_ l|, —i, water oxiwnded more than ooun- 

l 1 r \ M i \ \\\ 1 torbalonoes tho advautogo of 

greater strength obtained by 
the curved 
wall. Tho 




lock and the 
water drawn 
oft, never lower 
tho water in 
the interval 
above more 
than 0 inches. 
Hence when 
tho chambers 
of tho look arc 
largo and the 
eunul narrow, 
a greater dis¬ 
tance must 
bo arranged 
between the 
locks. 

Tho Saono 
and the Loire 
arc united by 
the canal of 
Briaro, navi¬ 
gable to ships 
of small bur¬ 
den; henoetho 
rospootivo di¬ 
mensions oro 
larger than 
those given 
tibovo. The 
locks ore 110 
feet long and 
17 feet wide, 
giving a super¬ 
ficial area of 
1,870 feet. If 




walls of a lock 
should not be 
perpendicular 
outside. The 
pressure of 
water being 
proper tionate 
to tho height 
of tho column, 
tho walls must 
have tbo 
greatest width 
at tlioir base, 
and narrow 
gradually to¬ 
wards their 
summit. In¬ 
side, the wall 
may be per- 
penflioular, ox- 
oept at tho 
bottom, where 
they may have 
the same curve 
os the sides of 
the boats. The 
walls should 
not bo loss 
than 4 feet 3 
inches thick at 
tho level of 
tho water, and 
should have 
throughout 
them a lining 
of bricks set 


'the fall be 


in cement to 


6 feet 4 inches, 11,843 oubio feet will bo drawn from the upper 
aeotion; if 8 foot fl inches, 15,859 cubic feet; i.’ 10 feot C inches, 
19,035 cubic feet. The canal being 48 feot wid.o at 3 foot below 
tho or^imary level of tho water, the length of tlio interval to the 
next lo« should be 446 feet, so that tho fall of 6 feet 4 inches 
in the lock shonld^ot lower the water in the interval more than 
6 inches. It must, however, bo 607 feet when the looks are 8 feet 
6 inches of fall, and 755 foot whem the fall is 10 feot 6 inches. 

The imporlanoe of attending to these points will be aeon from 
■apposing a case where the reverse has occurred from necessity 
or oversight. If two looks, having a fall of 8 feet 6 inches, were 
only separated by 160 feet, tho water drawn from the interval 
for the pntpose of mounting the boat would lower it nearly 
26 indhes, and there would not romain sufficient to keep it afloat; 
, consequently it would bo necessary to draw a loclif nil from the 
Tq;)per inter^, and then a second to lause it to rise, whilst only 


prevent filtration of tho water. Tho openings of tho lock uro gra¬ 
dually widened, after leaving tho mitre-sills, by what are termed 
sTundders of d^emx facing the higher level, and dischargittg' 
walls facing tho lower level. The continuations of these ore 
termed teing wails and return walls. Tlio whole of these are 
built of one continuous piece of masonry upon each side of 
the look rospootivoly, and have for their object tlie prevention 
of the water passing round and behind the chamber-walls, 
and tho resistance necessary to withstand tiio thrust of the 
gates when under tho influence of tho water-pressure. lu Fig. 
9 we give an elevation of tho usual form of a( look-chamber 
contiguous to the gate. Tho finished masonry exten^ from a 
to D, from which points the shoulders spring, diverging right 
and left. Tho position of the anchors which support tho collars 
o* hanging-pieces of the gates, as shown at Fig. 7 (Vd. I., page 
386), is allowed for daring the bnilding of the side walls by tho 
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mgertion of eolid blocks of stone. Tho platform of the lock is 
n point requiring: great care in construction. It has to receiTe 
the shook of tho crater when admitted by tho opening of the 
dnicB, and is very difficult to keep in repair. It is usually 
formed of timber laid upon a foundation of piles, with a layer 
of masonry beneath it. The ends may with advantage bo 
worked into tho masonry bf tbe side woUs. Where it is possible 
to obtain them, large flagstones arc preferable for the surface 
of the platform. 

»The timbers forming the gates of locks will vary in size 
according to the dimensions of the opening, and their respective 
depths below tho water-level, tho lower rails having to support 
a greater pressure than those above. Tho weight of water sup¬ 
ported by each hoiizoutol rail will bo found by multiplying their 
length, the interval from one to tlio other (usually 38 inohos 
from centre to centre), tlie height of tho water above tho centre 
of the rail, and tho product by <!2 lb. (tho weight of a cubic 
foot of water), the last product of these measures giving tho 
number of pounds which the rails ought to support throughout 
their whole length.* For small gates the timbers or rails may 
bo from 4 to 6 fhohes square, and for larger, from 7 to 8 inches; 
tho latter being snfficient for a fall of 10 ft. 6 in., with a width 
of 17.foot between the hanging posts, six rails being pnt in tho 
height. 'Whilst on tho one hand it is desirable to have an excess 
of strength above tho calculated reqairoment, it is on the other 
hand undesiiablo to make this excess excessive, as so much 
nvore weight is in jurions to the supporting collar and tho masonry 
to which it is attached. The diagonal direction of llio braces 
may be dispensed with by the substitution of a bar of iron 
placed diagonally from tho supporting collar to tho lower end of 
the shutting-post. Tlie escape of water through the gtitcs 
must in every way bo guarded against. It is very difficult, 
indeed almost impossible, to prevonl its escape through tho joint 
of tlio shutting-posts, because of ttie difficulty of m-akiug thorn 
touch throughout their own length. To obviate this they should 
bo out in a ciroulor form, one concave and oiio convex; tho cur¬ 
vature should be with a radius of about 12 feet. Tho rails are 
mortised into the uprights, and are further strengthened by 
strong anglo irons and T-pioces. 

Tho sinico is ordinarily an opening, o (Fig. 10), left in tho 
framing of tho gate, and Mosed by a paddle, i‘, working vertically 
in guides o.g, and raised or lowered by an iron bar, B, termi¬ 
nating at tho top in a rack, e, actuated by u pinion, w, ond 
handle, H. 

In Fig.dl is shown another kind of sluice, in which tho 
paddle, P, moves laterally, being fixed to tho short end of a 
lever, l, heavily weighted at the lower or puddle end. The 
movement is given by a rock and pinion working nearly hori¬ 
zontally. Tho idea of tills arraugomont is that when no. w-ater 
in pressing against tho puddle, tho weight at tho bottom 
diaws it over tho aportm-o, and when drawn back by tho 
toothed gear it will remain back until the wator-pressuro ceases 
through a level having been obtained. Tn somo eases screws 
are employed to raise the paddles (Pig. 12). This plan is 
adopted at Dunkirk. There arc, as we have intimated in a 
former chapter, other modes of raising or lowmng tho barges 
from one level to another besides locks. The “ lift” is a plan 
adouted upon the Ch'and Cwnal, and has certain advon- 

ta^ over tho look. Tliese lifts ore 4G feet high, and consist of 
two chambers, having a piece of masonry between them. Each 
ohomber contains a timber cradle, in which tho boat is placed 
which requires to be raised or lowered. When on a level with 
the canal tho cradle allows tho boat to swim into it by raising 
a water-tight gate at the end. Tho two cradles, when full of 
vratqf, or when containing a boat, balance each other, Ixsing 
'euapended by strong chains, which pass over iron wheels placed j 
above the level. An additional 2 inches of water in the cradle 
not containing a barge is sufficient to raise tlio barge in the 
other. Tho barges using these lifts weigh 8 tons, and occupy j 
3 minutes in passing up or down the 46 feet, and only 2 tons 
of water are cousnmed in the operation, whereas S tons would 
bo expended for boats of this' tonnage in the ordinary way. 
If an inoUsed plane is employed to raise or lower tho boats, 
they are floated upon a sledge, winch is drawn up by a stoamv 
engine. . ' 

Notwithstandiur tbb obvious advantages of oonvoying heavy 
merohandiBe wktar, it is remarkable that scarcely any atten¬ 
tion was paid to tho -subject in this country until aborit tfio 


middle of tho sixteenth century, when it was proposed to render 
tho Isis and tho Avon navigable, and then to unite tho two 
streams by a canal 3 miles long. The first canal of importance 
was tho Duke of Bridgewater’s, between 'Worsley and Man¬ 
chester, executed by Brindley. Several remarkable instanoos 
of bold ohd suocoBsful engineering oconr npon this canal, espe¬ 
cially the aqnoduot.fver the Irwell at Barton, consisting of three 
semi-cironlar arches, the centre arch being 63 feet span and 
.39 feet over tho nver. Since the year 1776 no loss than 2,400 
miles of canal have been made in Great Britain. One of the 
most celebrated is the Caledonictn Canal, uniting Fort 'WUliam 
with InvemoBB. Tho entire diatanoe between these points is 
upwards of 100 miles, but in consequence of the natural position , 
of the chain of Lochs Ness, Oicb, Lochy, £il, and linnhe running ' 
in an almost right line in a direction from north-east to south- 
wost, only 21 miles of canal wore requisite to render tbe entire 
lino pavigable for vessels drawing 15 feet. The breadth of the 
canal and enlargements of the locks is 122 feet fft top, and 50 
feet at bottom, and the depth 20 feet. The slope of the sides is as 
2 of height to 3 of lireadth, and is continued to within 2 feet 
of tho water-level, tho bank being 6 feat wide. Tbrooghout the 
entire canal there arc 23 locks, each being 40 feet wide and 172 
feet long. Somewhat to tho south of the northern entrance an 
enlargement of the canal to 162 yards of breadth for 967 yards 
of length constitutes a floating dock for rettoirs and other pur¬ 
poses of 32 acres. Loch Ness, the most northomly of the 
chain, has a level 32 fisst above tho canal, to whioh vessels are 
raised by the font 'Mnirtown locks, each 180 feet long, and 40 
feet brood. Tbo addition of Loch Ness gives at onoo a natural 
addition of 22 miles to tho navigation. At its south-west 
extremity five more locks raise the navigation 40 feet higher to 
Loch Oich. T3io waters of Loch Lochy arc 10 fret higher than 
these of Loch Oich, and ai'o reached by the mterveiition of a 
single lock. This loch forms tlio summit of tho canal, wliioh 
tlien dnseonils 64 feet to Tjoch Mil by eight locks. The whole of 
these eight connected locks are formed of solid masnniy l^^OO 
fret long. Tho fonndation.s of the embankmout at Cloobna- 
charry arc in mud, which is so soft that on iron rod could bo 
thnist down 55 feet with case. Tho mode in which the lock at 
this point was constructed is so instructive that we give it. 
Tho immense depth of mud precluded tho use of a coSer-dam ; 
an iron railway was accordingly laid'down, on which the hea-vy 
clay found close by was carted, and tho two banks of 'the canal 
wore formed by “tipiiing” as far as where the depth of water 
at an ordinary neap tide was 20 foot, and when the site of tho 
intended lock •s'as apimiachod, the banks were united into one 
mas.s. The weight of the clay compressed tho soft mud, and 
squeezed out the water. Upon this mound of clay a (inantity of 
stone wo* laid, and allowed to remain for six months, by which 
time the mound had sunk 11 feet, and become consolidated. 
TIio ]>it for the lock was then excavated nnt of tho consolidated 
clay, and the water kept down by a steam-engine of nine-horse 
power. At ■tho bottom of the excavation rubble stone masonry 
was hiid with hydraulic mortar to tho thickness of 2 feet in the 
middle of the o.hamlmr, increasing to 5 foot on each side, and 
.upon thi.s an inverted arch of masonry was struck, and tho side 
wuIIh built. The entire cost of the canal was ^1082,359, and 
tho quantity of Baltic timber expended upon tho works 'was so 
great that the price rose from 28. 6d. to 7e. per cnbic foo|^ 
during the time occupied in its construction. 


THE ELECTRIC TELEGRAPH.—VIII. 

THE KOJtSE PMNTINa TELEQBAPH—BINOINO-KEV—CODE— 
THE BECEIVISa UrSl'BDUENT—^ABBANaKUENT OP IN- 
BTROKEKT-BOOU. ^ . 

Thk telegraph instruments wo have already «*escribed are those 
that transmit their eigpials by the property which the electric 
current possossos of reversing tho polos of a magnetisod needle. 
We must now consider tho next class of instruments—namely, 
those in whioh the power of the current to convert a bar of soft 
iron into a tem^iorary magnet is tamed to account. As we saw 
in onr, lessons in “ Electricity " in The Popular Educator, 
we have only to take a rod of iron, and'win^ some insulated wire 
many times round it, and then, by sending a current along the 
'wire, we at once convert tho rod into a powerfdl magnet. This 
magnetic power continno^as long as the current passes, but 
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oeaacs as st>on an it is in any way interrnpted. Now it is protty 
clear that we may in several ways avail ourselves of this power 
in the transmission of messages, sinoo it is perfectly immatoriol 
at what port of the circuit the current is interrupted. 

The telegraph instrument which, nest to the needle instru¬ 
ment, baa oomo into most general use, is one of this class, and 
is known as the “ Morse Instrument,” after Professor Morse, by 
whom it was invented. This instmment isTound in practice to 
answer extremely well; it may, in fact, be in most resi>e(!t« re¬ 
garded os the best instrument known for general use, being 
simple ill its oonstmetion and action, and not liable oa^y to 
get out of order. One great advantage that it possesses over 
the needle instrument is that it prints or cmboase.s its own 
message on a strip of paper, and thus loaves a permanent record; 
whereas, in those already described, the operator must observe 
the very transient signals, and at once write them down or 
dictate them to another clerk. If a word or letter bo droppodi 
the sender njpst bo interrupted and mode to repeat; wliile in 
the Morse the whole message is printed, and the receiving clerk 
can then carefully read and transcribe it at leisure. The original 
strip may also bo preserved for reference if ncoGBSory ; end, in 
addition to this, the fact that the transmitting clerk knows that 
he is actually printing his message, and that thus any mistake 
will at once be brought Lome to him, tends to render him much 
more careful. 

The peculiar click of this instrument will bo familiar to m.any 
travellers, as it may very frequently bo heard at work in the 
booking offices of railway stations. 

The “ transmitter,” or, as it is usually called, the “ ringing- 
key,” of this instrnmi nt is mneb simider in its construction than 
that required for a needle instrument, since the current has only 
to be sent in one direction. All tliat is required is an arrunge- 
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ment by which the circuit can bo interrupted, and a battery 
current msido to pass along it at pleasure. 

All this is easily elTeeted by the instrument shown in Fig. 34. 
The base is made of some hard, dry wood, usually mahogany, 
and a stont brass rod is mounted on an axle fixed to this ; a 
handle, being eflixod to one end of it. and an adjusting aert'w, 
C, to the other. One battery wire, V, is connected to a binding- 
sorow, which communicates with a small anvil placed under n, 
and is usually tipped with platiunm; the other b»^^e^y wire 
is joined to the earth-plate, l is the lino-wiro, which it will 
t)0 observed communicates through a binding-sernw with the 
rod B c. 

Above the small anvil is a short piece of wire wMoh comes 
into contact with it when b is pressed down, and thus eunsus 
4he current to pass from p to n, and on to the distant station. 
A spring, however, keeps this point away from the anvil when 
the instmmeht is at rest. 

The screw c presses on another plate or anvil nt the other 
end, from which a wirfc, A, leads to the receiving apparatus 
and on -to earth. Tho reason of this is that the wire i. is 
used for the transmission of messages in either direction. 
Who^ therefore, tho key is at rest, ns shown, any current 
arriving by i, pa^es through c and a to tho receiving portion 
of the apparatus, and there makes the required signals. When, 
however, we want to send a message, and press down the jeoy 
for that purpose, onr own receiver is out out of circuit, and the 
current only goes through the diBtnnt instrnmer.t. 

One inconvenience sometimes arises from this arrangement. 
If the line-wire were in any place broken or injured, no current 
would pass, and the operator might continae to send the mes¬ 
sage, supposing all was right, for as the current does not pass 
through his own instrument, he would not know iliat tho circuit 
• was broken. Tho receiver, too, might want to interrupt him, 


but wirii riiia arrangement would be wnable to do so. A small 
galvanometer is therefore always placed in tho course of the 
line-wire, and tho constant currents sent cause the needle of 
this to keep continually oscillating. If now the distant operator 
wishes to interrupt, he merely presses down his key, so as to 




remove tho screw c from its anvil, and thus break tho cirenit. 
No current will now pass, and tho sender, perceiving that his 
galvanometer has ceased to vibrate, will at once wait and hesn 
what tho distant station has to say. It will thus he seen 
that this small galvanometer is a very important part of the 
apparatus. 

Tho sketch in Fig. 35 will render clear the manner in which 
tho different pieces of apparatus are joined in circuit in tho way 
we have been explaining. For the sake of simplicity, we havo 
hero represented the key as consisting of a bar of metal, tlio 
Centro of which is in connection with tho line-wire, while the 
ends may communicate with the battery, B, or the instrument. 
M; and by referring to the illustration of key already given, it 
will bo seen that this is essentially tho case, o, o rcpx'esent 
tho galvanometers placed in the circuit of tho lino-wire, and 
E, B the oortb-ixlates. 

Tho rocoiving part of the instmment is much .more compli¬ 
cated in its construction. The message is printed on a strip of 
paper about half an inch wide, a long roll of whioh is i>luccd on 
a drum supported above the body of the instrument. Tho end 
of this riband passes between two rollers, which aro sot in motion 
by moans of clockwork, the driving power being in some cases 
derived from .a spring contained witlpn a barrel, and in other 
cases from a weight. A fan is attached to some portion of tho 
clockwork, so as to render the motion of the paper uniform. 
This part of the apparatus does not require further description 
here, and almost every maker adopts some special form of cou- 
struotion peculiar to himself. ^ 

Tho electrical portion of the instrument is that which more 
especially coucurus us, and this is remarkably simple in its 
make and aetioii. 'J'hc line-wire is connected to a binding-scrow 
attached to the hose of the instrument, and from this the current 
]>usscs round the coils which surround two iron rods placed side 
by side. In Fig. 3(i we have a view of tlio esseutM {larts of 
the apparatus A is one polo of tho electro-magnet, and n its 
keoper, which is fastened to tho lever B «. This oscillates with 
very little friction on pivots at C. and its play Is limited by the 
arm, J, attachoil to it, and tile sot-scrows, o u. Tlio end of A is 
usually covered with a piece of thin paper or a layer of vamirii, 
as otherwise a little 
mugnetism often re- f* 

mains in it, causing the 
keeper B to remain in Tf 
contact after the current 
has ceased. A spiral 
spring.capahlo of adjust¬ 
ment by tho milled head 
H, is fastened to the cud 
of tho lover remote from 
the magnet, and when 
the ouTTont is not passing holds tho keeper as far away from tim 
magnet as tho sct-scrcws, o o, will allow. 1) is tho stylo, or 
pen, and is so jdaced that it is opposite a groove in the roller K. 
Tho paper riband is drawn between e and p 

As soon now as a current is transmitted along the lino-wire, 
|ind passes round a, it converts it into a ma^ct. imd over¬ 
coming tho spring at H, presses tho stylo » against the rdler, 
and thus embosses or indents the paper strip. 

[ • If this strip he in motion we shall evidently, have a contmuons 
Uho traced along it so long as tho current passes, sad when wo 
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intompt tbe cnrrent ibero trill be a oorrespondiiig blank. We 
mfglLt in ttiis ymf send strokes of yarions len^bs, but this 
be found inoonyeniont, sinoe the ^lapei does not idways 
tmyel at exactly the same rate. Only two signs, therefore, ore 
employed—a dot, which is prodnoed by sending a very brief 
cnrrent, and a dash, which is made by keeping the key pressed 
downlor an instant. 

Sometimes, instead of a blmit point at s, we haye a wheel 
witii a narrow edge, which is in contact at one side with an ink 
railer. In this way the marks ore inked on the paper strip, 
instead of being embossed. 

We haye, then, here, as in the case of the needle instrument, 
two distinct signs—the dot and the dash—and by a iudioious 
combination of these we can send any letter in the alphabet 
we choose. The yery same code is employed as that used with 
the single-needle instrument: in fact, the code used for that 
is meretythe Morse code translated, an iuolination of the needle 
to the Mt being considered the equivalent of a dot, and one to 
the right representing the dash. We append, however, the full 
code ^ the Morse, which is now adopted in nearly all countries. 


great. We give sis an example a specimen of a strip as m- 
ceived, the equivalent letters being placed under each sign. 

e • s « • • • • 4^* • ■ • MS e • • mm • mmm » mmm • e • 

CASBEI, !• • 8 


mm • SMI e msn • • • e • mm « • • wmm • om • a mm t « 

TEC HHI C AX, 



The main difficulty in transmitting messages with this instru¬ 
ment is found in arranging the spaces properly; and to meet 
this Professor Morse introduced a transmitting plate, in which 
each letter was represented by strips of ivory and brass inlaid 
in a board. Any letter could then be sent by merely drawing 
a metal style connected with the line-wire over the sign on the 
plate, but this never came into general use. The full dbnstruq- 
tion of tbe receiving apparatus, and the general arrangement of 
the instruments in the office, will easily be undtrsttrod by re¬ 
ference to Fig. 37, which shows the interior of an instrument- 
room completely fitted. 



Pig. 37.— ^INTUEIOR OP 


* 

The letters of the alphabet ore thus represented :— 


A_ 

J 

S ... 

A (sa) ..... 

Kmm.mm 

T — 

B- 

Xl . «Mi . . 

TJ ..— 

O .... 

M.. 


J> ... 

N.i 

V • • • SMB 

1 

E . 

I* . 

5 {(s) .... 

W... i 

T 

O SMMe 

s • • • ■ 

P. ... 

Q. ... 

^ aMms • 

z.... 

1.. 

B -- 



TIm following code is adopted to represent figures:— 



‘ la this cods, as will be seen, no letter requires more than 
four signB, white figures axe all represented by five. Hie stops 
can eo^ be lesmt from the needle-code in Lesson Y. Spaces 
about equivalent in length to the dash ore left between each 
letter, those separuting the words are about threo times as 


AN INSTBUHENT-BOOM. 

In the instrument here shown, the set-screws which govern 
the play of the lever are placed at the end of the lever instead 
of on an arm attached to it, as seen in Pig. 36, but they act in 
the same way. The course of the paper strip can now be traced 
os it leaves the upper drum, posses between the rollers, and, 
after being orabossod, is wound on to tbe second drum to tho 
left. Both these are so made that one side will take off, and 
allow the disc of riband to be removed or replaced. Tho dook- 
work is contained within the brass ease of the instrument, th# 
key by which it is wound up being seen. 

p is the battery-wire just disoonneoted from the ringing-key, 
behind which is the gdvanometer. To the left of this is a 
switoh, by which tho current as it enters may he directed at 
pleasure to tbe sJarom or the instrument, or, in the case of an 
intermediate station, be made to pass strdght on. Tbe wire h 
is that which oommunioates wiib tho line, whflo T is oonneoted 
to tho earth-plate. The alarum is seen behind tho dnun on 
which the riband is coiled. 

The only other point to whicb wo need refer is the small lever 
seen at the base of the reooiving instrument: by means of this 
the olookwork can be started or stopped at pleasure. It would 
not do for ibe paper to be oontinually nnwinffing; tbe clockwork 
is therefore stopped by means of this lever. As soon as the 
alarum rings to indicate that a message is coming, the blerk 
alters the switoh, so as to direct the eurrent to the instrument. 
.He then gives a signal to show he is attending, sad starts the 
olookwork. The riband then commences to unwind, and ia, 
embossed with the messi^ which he con afterwezda truisoiibe. 
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THE STEAM-ENGINE.—VIIL 

By J. hi. WiOHES, B.A. 

COin>*H8*ll—-AIH-PUin*—FOBOIt-PUMI' — aOVEEStOB BAUJf;— 
TBBOTTI.X-'VAI.TK—HOESE-POWKK—W4.TT*8 IMUICATOB. 

lir non-oondenniigr engines the steam, after having done inty 
in raising or depressing the piston, is aJlowed to escape by* the 
'exhanst direot into the air. The conse<iuenoe of this is that the 
fnll proBsnre of the air is exerted against the opposite side of t)io 
piston to that on whioh the steam is acting, and all this pressure 
has to be overoome before the piston eon be moved. In the 
eundensing engine which wo are now describing this source of 
waste is almost obviated. The cylinder here is nearly void of 
air, so that if we can in any way condense the steam that fills 
the oyliij^or after it has accomplished its work in driving the 
piston to the end, wo shoU have a vacuum into whioh the piston 
may return, and shall thus avoid all loss of power from this 
cause. This <mject is accomplished by means of the condenser, 
which is another of the many great improvements in the engine 
that are due to the genius of James Watt. 

In the earliest engines the plan adopted was to oool the 
cylinder by the applioation of oold water to its exterior surface. 
This plan was very slow, and caused a great loss of heat, as the 
cylinder beoamo so cold that a portion of the fresh steam as it 
entorod was expended in raising its temperature again, and in so 
doing became condensed on its inner surface. 

The next improvement consisted in injooting a jet of water 
into the cylinder, and in this way the condensation was offcctcd 
much more rapidly, but still 
there was much waste of heat. 

At last Watt introduced the 
separate oondensor, whioh has 
boon found to answer remark¬ 
ably well, and to effect a very 
great saving. The condenser is 
represented at o (seo Fig. 82, 
pogo 17), and consists of a large 
air-tight vessel communicating 
with the exhaust by moans of 
tho pipe seen nnder the valve 
facing. 

A email force-pump, b, worked 
by a rod, H, jointed to the work¬ 
ing beam, raises oold water from 
a cistern or well, and forces it 
along tho pipe, T, into tho con¬ 
denser. liio inner end of this 
pipe is fitted with a rose, so that the water is scattered in a fine 
shower, and thus condenses tho steam very rapidly, so that a 
considerable degroo of exhaustion is maintained. A pressure 
gauge is usually affixed to the condenser, so as to indicate readily 
the exact degree of oondonsation produced. 

By tho use of this errangemont tho condensation is practi¬ 
cally instantaneous, and there is no delay in commencing the 
aftemate stroke. The injected water added to that producod 
hy tho oondonsation of tho steam accumulates in tho condenser, 
and w^d soon impede its action wore no moans provided for 
removing it, and any air which may find its way in with it. An 
efu-pump, K, is therefore placed by its side, and motion is im¬ 
parted to it hy means of tho pump-rod, F, which is affixed to 
one rod of the parallel motion. 

A pipe, olos^ by a valve opening outwards, leads from tho 
lower end of the oondonser to this pump, and along tiiia tho 
oondensod water and tho air pass, and are delivered into the hot 
cistern, n. The air, of oourso, bubbles up through the water and 
escapes^ 

Tho steam when it leaves the cylinder has still a large amount 
of hea.t stored up it,| and this raises the temps^tnro of 
4iho injected water, so that tho water in B is qrdto hot. It is 
used, thorefore, to feed the boiler, into which it is injected by the 
pump, <J, along the feed-pipe, s. As much of the heat in the 
steam is latent, a large amount of water is required to condense 
it. If the condensing water has a temperatnro of about 60® 
whUe the temperature when oondensod is 100® or 120®, nearly 
twen^ ponnds of water will be required to one pound of steam. 
Tnis is, of oonise, very much more than is required for feeding 
jho l^ilw ; and hence, in many engines, arrangements are made 
by whioh a portion of tho condensed w%ter loaves the condenser 


at a temperotore very little below the boiling-point, and with 
this the boiler is fed. The more nenal plan, however, is for the 
feed-water to have a temperature of abont 120®. 

VariooB other kinds of condensers are often employed in place 
of that already described. In steam veesde "surface oondensers’* 
are commonly adopted. In these the steam is mode to pass 
through a series of brass or copper tubes, on the exterior of 
which tho cold water plays, and ^us condenses the steam. In 
other COSOS tho positions aro reversed, tho water being made 
pass through the tubes while tho steam is condensed upon their 
external surfaces, and this plan appears to meet with mote 
general approval. In this land of oondonser it is well to let the 
circulation be as rapid ae possible, and the more rapid it is the 
loss the area of condensing surface that will bo nooessary to 
ensure efficiency. The usual proportion allowed is from twelve 
to eighteen square feet for each nominal horse-power of the 
engine, but with a rapid circulation less than this will suffioe. 
Thore must, however, be no delay in tlio condensation, or else a 
resistance will be offered to tho movement of the piston. 

Tho supply of the water and steam should be so arranged that 
the steam as it enters the coudonaor is first exposed to the 
action of tho boated water just leaving it. In this way the oold 
water entering meets the steam when its condensation is nearly 
completed. Condonsors of this kind answer very well, but it is 
not often found nooessoTy to employ them except in the case of 
marine engines. 

We have now referred to tho various porta of the engine that 
are shown in Fig. 32: there is, however, one important part 

omitted thore. In most oases it 
is on important thing to main¬ 
tain a nearly nniform rate of 
motion. Without some regula¬ 
tor, however, this oonnot be 
attained; tho pressure of steam 
in the boilers often varies con¬ 
siderably from time to time; the 
load of tho engine is also sub¬ 
ject to oomtont fluotuations; 
and in a large factory some of 
the machines ore frequently 
stopped for a time, and others 
again ore set to work. The 
tondenoy of all these alterations 
is to produce great variationa 
and irrogularities in the speed 
of the engine, and cause thereby 
much inoonvenienoe. 

Tho manner in which the speed is usually regulated is by 
moans of a throttle-valve, acted upon by governor balls, as seen 
in Fig. 33. This valve oonsists of a metal disc, o, plao^ in the 
steam-pipe; it is mounted on on axis passing tibrough it edge¬ 
ways, so that when it is horizontal the passage of tho steam is 
not materially aifeoted, but as it is inolinod the passage becomes 
more and more closed. In some convenient pqrt of tho engine 
is placed a vortical axis, B i, mounted on pivots at each end, and 
driven by an endless band passing round the driving pulley A, 
and also round the axis of the fly-wheel or some sit^ar peat. 
On this axis are jointod two bent lovers, c b, o each of whioh 
carries at its lower end a heavy motal ball, Ik. 

Above c c is a loose collar, d, supported by two rods, X X, 
binged to the other ends of the lovers, and moved by them. A 
groove in this collar holds two pins in tho crutch of the lever, 
t> B F, and thus moves the throttle-valve, o. If now the load of 
the engine bo diminished, or' from any other cause the speed 
inoronse, the baUs at once, by centrifugal force, fly further apart. 
In so doing thoy raise the upper ends of tho bont lovors, and 
with thorn tho collar i>. The result of this is that the end, f, of 
the lever is depressed and tho valve partially closed, and the 
supply of steam being in this way diminished, tho speed of tho 
engine is at onoo rodeoed. If on the other hand the engine mores 
more slowly, tho governor balls fall, and thus open tho throttlo- 
valvS to a greater extent. In this way tho speed is maintained 
very nearly at a nniform rate. In some engines now made, the 
governor balls, instead of working a throttle-valve, aro con¬ 
nected with a second slide-valve, and thus alter tho period of 
the stroke at whioh the steam is cut off, and in this way regu¬ 
late the spood. 

A regulator of the kind already described is that most gone- 
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tiud. ' Its Aoticm is, howoWr, far from pwfeot, as it takes 
some little tune for the engino to reooTer its rata of speed after 

sudden variation in the load. ICany alterations have been 
sunested; in some of those the governor bolls ase retained, bnt 
the oonstmction of the valve is rery materially modified, so as 
to render it much more sensitive, lu ono form, #hioh hM been 
found to answer well, a double spindle valve is used in place of 
the disc, two valves being mounted on the same spindle, so that 
trifling movement of this materially alters the rate' at which 
e steam is allowed to pass. 

Before passing on to notioo the construction of other hinds 
of engines, it will be well to explain the manner in which the 
pownr of au engine is described. In reading any books or 
papers relative to engines wo constantly find the term “ horse¬ 
power,” the engino being said to have so many horse-power. 

Now it is important for us clearly to understand what is 
meant by this expression, especially as it is often somewhat 
vaguely employed, being in some cases used to denote "nominal” 
power, and in others “ actual ” power. The latter, of course, 
varies with the pressure of the steam employed, but the former 
is an arbitrary term ezpressivo of the size of the engine, and 
may generally be taken os expressing the aotunl power when 
the steam has a working pressure of 7 pounds to the inch in the 
case of a low-pressnie engine, and 21 pounds in the caso of a high- 
pressnas engine. The aotoal steam pressure nsually exceeds 
Jhis, and as a result the actual power of any engine is usually 
much in excess of the nominal. 

The term “horse-power” was originally an arbitrary standard 
taken to express the work capable of being, under ordinary 
oiroometanoes, performed by a horse, and is now used os ex¬ 
pressive of a force capable of raising 33,000 pounds to the 
height of ono foot in the space of a minute. The actual horse¬ 
power of any engine may therefore bo easily calculated. 

By means of an “ indicator ” or gauge the actual pressure in 
the cylinder is ascertained, and from this a deduction of 1.1 
pounds is made to allow for lose by friction, imperfect vacuum 
in the oondeuser, and similar oanses. Wo then ascertain the 
area of the piston in square inches, and multiplying this by the 
working pressure obtained, as just explainod, wo ^d the total 
pressure on the piston. 

Now multiply the nnmbor of strokes performed in a minnto 
by the actual length of each, and we shall thus loam the space 
traversed by the piston in feet. Multiplying this by the total 
pressure, and dividing by 33,000, wo have the actual horse¬ 
power. 

The rule for calculating this should be carefully remembered, 
as it is often required, and it may bo simply expressed in the 
following form :— 

From the pressure of the steam, expressed in pounds per 
square inoh, deduct 11 pounds for loss, and multiply the area 
of the piston in square inches by the remainder; then multiply 
this amount by the space travelled by the piston per minute ex¬ 
pressed in feet, and ^vide by 33,000; the quotient will be the 
actual horse-power. 

An example will render this perfectly plain. Lot us suppose 
an engine whose piston has on area of 200 square inches, and 
the length of whose stroke is two feet. Further, let it make sixty 
complete strokos or double movements of the piston per minute, 
and let the prossuss of tho steam ' ' twelve pounds per square 
inoh. What is its actual power ? 

The pressure exerted on the piston by steam in this case is 
200 K lOJ, or 2,100 lb., and space travelled over by tho 
piston in each 'minute is 120 X 2. or 240 feet. The work an- 
oomplished, therefore, is 2,100 X 240=50-4,000 foot-pounds, and 

the horse-power, therefore, is gj. a httlo over 15. If 

33,000 

in any of these cases the vacuum in tho condenser is imperfect, 
there is a corresponding pressure opposed to iliat of the steam, 
sad this must be allowed for in calculating the power. 

The nominal power is, as we have said, an arbitrary expres¬ 
sion, and is nearly always considerably below tlie actual power, 
being often as low as from a fourth to an eighth of it. 

The foimnla nsually employed for calculating this is known 

06 the Admiral^ Rile, and is as follows, where d is the 

6000 

diameter of the piston expressed in inches, and u the velocity 
ef the piston expressed in feet per minute. 


'* We can now apply this rule to tho eoso just given, bnt must 
first ascertain the diameter of tho piston, and since its area is 

200 square inches, this is about 16 inches. The formula 

therefore becomes = lOJ nearly. 

This, then, is the nominal horse-power of the engine. 

The same term is frequently applied to a bailer as expressive 
of its size and capabilities; bnt it is very evident that in this 
cose its moaning is somewhat different. An engine of one 
horse-power will, os wo have seen, exert a force equivalent 
to raising 33,000 lb. a foot high per minute. In an hour, 
therefore, it would raise nearly 2,000,000 lb. to the same 
height. Now wo have seen that the evaporation of a onbio 
inch of water exerts a force equivalent to raising a ton a foot 
high; to raise the 2,000,000 lb., therefore, will reifuiro the 
evaporation of nearly 1,000 cubio inobes of water, A con¬ 
siderable portion of the force thus produced is, however, 
employed in moving tho engine itself, and wasted or lost in 
various other ways, so that a much larger quantity of water 
must bo evaporated by tbe boiler to accomplish tho amount of 
work required. 

Allowing for all those sources of waste, engineers eolonlate 
that as a general rule a boiler should evaporate oue cubic foot 
of water per hour for each horeo-powor of tho engine. This is 
therefore taken as the standard; and thus, when a boiler of 
50 horse-power is spoken of, wo at once uuderstund that ono is 
meant which is, under ordinary oiroumstanceBj capable of evapo¬ 
rating fifty cubic feet of water per hour. 

Thoro is a small but very important piece of apparatus that 
is frequently nttaohrd to ono end of tho cylinder of an engine, 
and Icnown ns tho “indicator," to which wo 
must hcaro refer. The pressure of tho steam 
in tho cylinder is often very different from 
that in tho boiler, as tho size of tho steam- 
pipes and ports considerably modify it. Wo 
require, therefore, in order to toll accurately 
the power of tho engino, some means of ascer¬ 
taining the pressure in tho cylinder during 
tho stroke. Tlie vacuum in tho condenser 
may likewise become imperfect, owing to the 
air-pump being out of order, or from some 
other cause, and wo wont in some way to be 
apprised of tbe fact. Both these ends aro 
accomplished by means of the indicator, which 
is shown iu Fig. 34. It consists of a brass 
cylinder, o, some ten or twelve inches long, 
and about two inches internal diameter ■, it 
is very truly turned inside, and has a solid 
piston or plunger, h, fitting it'accuratcly. To 
the upper ex^emity of the piston-rod a 
pencil, g, is firmly fixed, so as to record on 
a card suitably placed the movements of 
the piston. At the lower end a screw is 
cut, by which it is usually afiixed to the upper end of the 
cylinder, a stop-cock, c, being placed so as to out off the com¬ 
munication when it is not required to use tho instrument; a 
spiral spring is fixed to the pistou, h, and at the upper end to- 
a ring or fastening, r, fixed in a suitable position; this is so 
arranged that when tho spring is in its normal state, tho piston 
is about the middle of tho cylinder. The spring oan, however, 
be compressed or extended. A card, /, is mounted in a frame 
placed above tbe indicator, and mode to move backwards sad 
forwards with the motion of the piston. This is usually 
accomplished by a cord passing round a pulley, and fastened to 
some convenient part of the engine. This cord pulls the card 
oue way, and as soon as the motion of tho piston is rdversed,. 
a spring or weight brings it back to its original poaition. 
'When thb stop-cock, e, is closed, the pencil is at rest, and a- 
horizontal line is therefore troc^ on the oaxd as it moves to 
and fro; but as soon as the steam is allowed to enter the 
indicator, the pencil moves up and down, and a figure is traoed 
on the card wMoh indicates to an experienced eye tbe action of 
the engine. 

Let e be turned on just as the steam is admitted to the upper 
end of the cylinder, the piston h will be immediately forced np, 
and trace an almost verticsl line; the full pressure is ntH;, 
however, instantly attair ed, and benoe the line oontinuea for 
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A Bttlo to Blope upwards. \I£ the etesm is out oflP at a' 
third, or any other portion of the strobe, the line immediately 
tends dowOTrords, and by its rapid fall indicates the decreasing 
pressure, until, tte piston arrives at the lower end of the 
cylinder. 

The upper end is now put into communication with the con¬ 
denser, and if the vaounm there bo good, it will be indicated by 
a sudden fall in the curve. The pressure of the air being 
allowed to act freely on the upper side of the piston, it will by 
this bo depressed below the normal line, the spring being 
extended by the pressure, and the lower the piston sinks the 
mure perfect does it show the vacuum to be. It is compara¬ 
tively easy to graduate the cord so as to show at a glance the 
exact pressure, and also the degree of vacuum in the condenser; 
and the father these extremes ore removed from one another, 
the greater is the power of the engine. We may, in fact, 
obtain a genen^ idea of its action from the aroa of the figure 
traced on the co^; for the larger this is, and the more 
closely approaching to a [parallelogram, the more perfect is the 
action of ^e engine. 

Apart from showing in this way the power, the indicator 
diagram is of very great service in showing the action of the 
valves. If, at the extreme right of the figure, the line descends 
but slowly, it clearly shows that the communication witli the 
exhaust is made too slowly, or else that condensation does not 
proceed with sufficient rapidity. The more vortical the line is 
here, the better is the action of the condenser, llio ascending 
stroke at the other end of tlie card should likewiso be nearly 
vertioal; but to an p- pcrionced engineer each comer of the 
diagram will indicate some peculiarity in the action of the 
“lap” or “lead ’’ of the valve, and thus enalilo him at once 
to point out and rectify any defects. Wo con, however, only 
just point out the broad principle of this very valuable piece 
of mechanism, and for full details must refer the student to 
some of the various works that inquire fully into the indicator 
and the indicator diagram. 


AGKICULTURAL DRAINAGE AND 
IRRIGATION.—Vlll. 

By ProfesBor 'Wiiiani-sos, Boyal Asricnltuial Celloge, Cirencester. 

SEW AOS IBEICIATION. 

The sewage question is interesting and important from two 
aspects; first, because it tonohos the sanitary condition of the 
country; and, secondly, as an agricultural problem. The pollu¬ 
tion of our rivers has been tlio first and most distressing effect 
of a large popniation and a defective sewage system; and the 
loss of an immense mass of valuable fertilising material has 
boon the second, although loss urgently pressing, inducement to 
action. Hence the sewage question claims attention alike from 
town and country; and it is not surprising that every mtolli- 
gont person throughout the kingdom should bo morf' or less 
interested by it. The problem is simplified by the admirable 
'mEmnor in wbioh the agrioaltural requirements meet those of a 
more purely sanitary ebaraoter. If the rivers cry out against 
^ influx of filth, the land calls as loudly for material to restore 
its waning fertility; hence, both the land and water are grateful 
when sew^o is diverted from the rivers and poured over tlie 
fields. Time is required to show how for such a system can bo 
generally and sueoessfully applied. The soil possesses a won¬ 
derful de^orising and deoolorising power, and filthy water, 
after having passed through a layer or filter of earth, comes 
forth more or less purified. Soil has also been shown, of late 
years, to be capable of removiug some of the most important 
elements of fertility from Bolution* and bolding them until they 
are required m plant-food. This power is not yet fully under¬ 
stood, but it is auppfised to resemble that possessed by woollen 
olo^ for fixing colouring matter used in dyeing, or the power by 
which charcoal acts in purifying sugar. Hence, soil is well 
calculated both to render sewage innocuous, and to conserve its 
valuable fertilising qualities. The only questions are: How fur 
these powers possessed by soils are likely to be persistent in any 
partianlax case f how for the produce of such land will continue 
to be wholesome ? and how far the sewage will oontinuo to flow 
from the area devoted to it as a pure stream ? Y^a are thus 
ij^odneed to tiie subjeot of “sewage irrigation,” offering, as 
it does, a simple solution to an impoftant national question. 


Divert tiio streams of sew^e from their com-se towards the 
neighbouring river; construct a series of water-meadows, or 
fields for cultivation, laid out upon a siiniiar principle, and 
allow the fertilising flood to expand over their surface; let the 
purified water again bo collect^ by ditches and discharged into 
the river at a lower level. Buoh is the simple plan proposed, 
and in many cases carried out with success, up to the present 
time. 

Before entering more into detail with reference to cases ii^ 
which this principle has been adopted, I shall point out the 
advantages it presents over rival systems for ntilidng sewage. 
It deals with sewage as it is. There seems to be little reason 
for expecting that the population of this country will abandon 
the water-closet. Earth and ashes may in country places be 
advantageously substituted for water, ns has been shown by the 
Bev. H. Moule, but suoh a plan is not likely to meet with favour 
in towns, and appears improcticablo for such gigantic centres of 
population ns London, Birmingham, and Liverjiool. If it be 
granted that water will continue to be the vehicle for carrying 
away nrban etrercla, then we have irrigation as the sole means 
by which it eun bo advantageously applied. Bebemes have 
iudecd been proposed by which the valuable matter contained in 
sewage, ns well os the deleterious and offensive matter asso¬ 
ciated with it, should bo precipitated, collected, dried, and need 
as a manure, while the water, freed from its impurities,-should 
then flow harmlessly on its coiirso. Feasible as such a proposal 
may at first sight appear, it is besot with difficulty. The value 
of sewage docs not depend upon its filthiness, but upon certain 
ingredients which occur in very small quantities. Bobbed of 
these, the sewage water would bo vaiuoloss, and any system of 
sewage utilisation, on ilia principle of precipitation, must pro¬ 
vide that these valuable ingredients bo arrested in the precipi¬ 
tated mass. This, however, is a difficulty which appears insur¬ 
mountable. First, because these valuable ingredients—ammonia 
and potash—are exceedingly loth to quit their soluble conditien 
under any rircmpi stances, and especially when mingled with such 
a mass of watet as in town sewage. The consequenoe is that, 
precipitate as yon like, or with what yon please, the ammonia 
and potash will flow away in the “ purified ” water, and the 
remaining mass, wbethor it bo named A B C or X Y Z, will 
bo of small fertilising value. From these considerations it is 
evident that as yet no'plan based upon the principle of precipita.- 
tion is likely to succeed, and that irrigation is the only alter¬ 
native. 

We have, then, to do with an iinmonso mass of sewage, 
the character of which wo must very briefly consider. Sewage 
consists of tho entire water-supply of our towns after it has 
been used for domestio purposes, of the excreta of man and 
animals, of the rainfall of tho town area, and of earthy matter 
washed and worn from the streets. It contains valuable ferti¬ 
lising matter in an extremely dilute condition. This can be ^ 
demonstrated by analysis, and many eminent chemists having ' 
examined town sewage at various times, have given us a toler¬ 
ably accurate idea of its composition. Phosphoric acid, nitro¬ 
gen, and potash, nro tho three principal ingredients of agricul¬ 
tural importance. These substances can be purchased in the 
form of guano, “ superphosphates,” potash salts, and other 
manures; and since these substances oi'a marketable, an esti¬ 
mate can readily be formed as to the cheapest rate at which 
they may be obtained. Thu.s, it may be shown that ammonia 
may bo purchased in the form of some mnnnrial substance at 
tho rate of, soy, ^60 per ton. Hence, a commercial value may 
be attached to tho ttaeo substances above mentioned, and by 
finding tho proportion in which they exist in town sewage, an 
estimate may bo formed as to its value. It w needless hero to 
enter farther into detail, and it is sufficient to state that tho 
valuo of sowago calculated upon purely chemical grounds is I'Ud. 
per ton, varying, of course, according to season and other con¬ 
ditions. Tho result of sewage irrigation agrees closely with this 
estimate, being more usually below than above it, Thus, in the 
case of Kugby, where tho offeots of sowago were closely watched 
by a Boyal Commission, the Commission lost money upon tho 
sewage, contracted for at Id. per ton. On tho Barking Creek 
farm the result of sewage application was approximately that 
100 tons of sewage yielded 1 ton of gm^s, and if this were 
worth 10s., then 100 tons yielded 10s., or at tho rate of l'2d. per 
ton.* It is only fair to state that Mr. Mcchi. who converts the 
whole of his farm manure into the liquid form, obtains veiy 
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Boperior resnltB to thoBO just given; but it must be remembered 
that Mr. Meehi has perfect oontrol over the oompoaitioit of the 
liquid manure need at Tiptree, which is, probably, frequently 
more conoentratod than town sewage. Also, at Tiptreo the 
liquid .dressing is applied i«hm. it is required; whereas in the 
utilisation of town sewage it is necessary to pour the water over 
the land at oil seasons, whether required or not. Wo have, then, 
to do with a substanoe of trifling value per ton, although of 
high value when we reflect upon its immense quantity. The 
Question is therefore as follows : How is a substanoe valuod at 
from Id. to 2d. per ton to be economically applied to tho land f 
How can we carry each a worthless material for miles into tho 
country, and apply it for purposes of ooltivatiou f Tho answer 
ia simple. It cannot be applied advantageously where any 
appreoiablo cost per ton must be incurred. Pumps, expensive 
pipes, and busmess expenses, are serious diffioultios in sewage 
appUoation, and snooess will probably only ensue where gravity 
is the sole force for conveying the sewage to its destination. 
The estimated value of sewage depends upon ohemioal analysis, 
and upon results obtained at Bugby and elsewhere from its 
use. Soth methods, however, fail in precision: tho first, 
because the value of tho water as an essential element in the 
development of plants is not considered; and tho second, 
because the sewage has never been applied under conditions 
oalonlated to bring out its maximum effects. Could the use of 
.sewage be reatrioted to seasons of the year when water is most 
nood^, and oonld it then bo applied to plants capable of 
. making tho greatest use of it, results far suxrarior to any yet 
recorded might be obtained. It is, indeed, probable that the 
BucceBB attending liquid manuring at Tiptroe and elsewhere 
may bo thus accounted for, os in such cases thorough oontrol 
can be exercised. In dealing with the drainage of a large town, 
storing the sewage cannot bo contemplated. At tho same time 
much may be done towards its profitable application by so 
dividing ^e fields over which it flows, timt crops may bo grown 
requiring it at different periods. This has been done with 
success at Barking Creek farm, where ryo-graas, cereals, flax, 
mangold, strawborrios, eto., are very successfully cultivated with 
the aid of sewage. 

I shall now niontion a few cases in which the drainage of 
towns has been used for irrigating land. Edinburgh offers one 
of tho oldest examples. There tho sewage is allowed to flow 
over a tract of about 300 acres, with good results per acre, but 
the amount realised per ton of sewage is difficult to estimate, on 
account of the vast mass of water employed. Tho produce per 
acre per annum is from ^20 to ^30 wor^ of grass, sold to the 
cow-keepers of the city. The quality of the land ia exceedingly 
poor, being little better than sand, a fact which has given 
countenance to the scheme of the Essex Beolamation Company 
for pouring the sewage of North London over the Maplin Sands. 
It is worthy of remark, that immeimo as ia the mass of whter 
used per acre in the case of the Edinburgh meadows, any 
attempt to enlarge tho area of irrigated surface has boon 
attended with a diminished yield over the lumaindor. Another 
curious fact is, that although sewago is capable of raising largo 
crops of grass, the fertility of the soil dues not appear to be 
increased. This fact has been pointed out by Messrs. Lawea 
and Gilbert, in their experiments at Bugby, where land, which 
had produced large crops under the influence of sowage, imme¬ 
diate fell back to its old standard of productivonoss when tho 
supply of.sewage was withdrawn. The authorities just named 
mode a series of experiments upon the use of sewago in the 
no^hbonrhood of Bugby. Thqy employed tho large quan¬ 
tities of 3,000, 6,000, and 9,000 tons of sewage per aero respec¬ 
tively, upon oontignous plots, and found that each additional 
quantity was followed by an increase of crop, although tho 
amount of grass per 100 tons of sewage used was less in the 
cm of &o heavy dressing. This, taken ia connection with a 
Bimilar result obtained at Edinburgh, is interesting, as showing 
the large amounts of this material which may be advantageously 
applied to land. Further, at Rugby it was found that although 
a large quantity of grass was grown, tho quality of tho herbage 
suffered under the system of sewage irrigation. 

The ntiUsstion of tho Oroydon sewage has very often been 
cited as a sueoessful enterprise. In this instance, sanitary con¬ 
siderations have been tho chief inducement to action, and the 
writer will never forget one proof that, from this poinff of 
view the success has been most complete. On a hot day in 


July he arrived at Beddin^n, and was kindly reeeived by Mr. 
Marriage, the lessee of the irrigated land. Among other thresh- 
meat, two bottles were placed upon the table, the one oontain- 
ing a wine, the other a colourless fluid (not whisky), wluoh was 
neither more nor less than purified sewage. It appears that 
visitors to the irrigated fields are given the choice brtween wine 
and a sample of purified sewage, in order that they may thus 
test the complete suocess of the process used. The appearance 
of the liquid and tho absenoe of smell betokened the removal of 
all unwholesome matter. The sewaged fields at Croydon yielded 
a rent of per aero to the lessors in 1868, but ^e old 
laise was then just falling in. Italiaa rye-grass was the crop 
exclusively grown, and this required frequent renewal, os in a 
year or two its place was usurped by “ water-grass.’* Frequent 
re-sowings have also been foimd neeessary at Barking Creek 
form. Daring the dry season of 1868 I was informed that 
tho irrigated lands at Beddington suffered froqi the drought, 
although supplied with an almost unlimited amount of water. 
Here the sowage alternately spreads over fields, and is collected 
by ditches three times in sneoesBion, after which it flows into 
the river. The exit of tho stream of purified sewage is perio- 
dioally inspected, and tho condition of the water reported upon. 

In the foregoing remarks upon sewage irrigation tho subject 
has boon treated very generally. The moss of published statis¬ 
tical information is exceedingly large, and in order to enter 
into details much more space would be necessary than is hero 
allotted to the subject. Tho object of the writer has therefore 
boon to introduce as many interesting foots as possible in con¬ 
nection with a subject which, in tho preceding short essay, bos 
been little more than outlined. 


PRACTICAL PERSPECTIVE.—VII. 

Hithebto ell tho pianos and objects delineated have been 
supposed to bo so placed that some of their lines are parallel, 
and others at right angles to tho plane of the picture. 

We now enter upon the system by which perspective pro¬ 
jections ore mode when the sides of tho plane or object recede 
from the picture at angles other than right angles. 

Beverting 'to Fig. 4 (Vol. I., page 293), it will be remembered 
that the trtenglo x 0 r was supposed to bo laid down so that the 
points a and H were obtained on tho horizontal line; and these 
represented tho true distance of the spectator from the picture. 

In the system now under consideration, a similar triangle, 
ACB, standing on tho lino An, is supposed to be laid down 
below or above the horizontal line; and this will give the point 
X, the station-point of the spectator. Tho line id is then 
oallod the line of direction, os indicating the direction of the 
central ray, or axis of tho cone of rays. 

With this brief introduction, it will, it ia hoped, be found 
possiblo for tho student to follow the lessons. ’Those ore most 
carefully graduated, not merely according to theory, but from 
absolute practice in teaching. Wo will therefore at once pro¬ 
ceed to 

Fig. 34.—Here, having drawn the picture-line and the hoH- 
zontal line, and ^ving fixed tho centre of the picture and the 
line of direction, the length of which is determined by the 
distance of tho spectator from the picture, draw a horizontal 
lino at a. Thus far for the height and distance of the 
spectator. > 

Tho next question is this—^What angles do the sides of the 
object moke with tho picture-plane ? * 

This must, of course, depend on the plan given in Fig. 35. 

Here x x ia the base-line, or line on which the picture-plsne is 
to stand; and the square ABDois the plan of tiie plane to be 
put into perspective. 

From this it will be seen that the angle,I* A B is one of 40**, 
and the angle x A c one of 50°, with the plane of the picture. 

Betuming now to Fig. 84, and Having drawn a lino at B 
parallel to &e picture-line, on each aide of the point B oonstmot 
angles corresponding with tho angles which the lines of the plan 
make with tho line x r—viz., o B h and 1 8 y. In thia case tiiesa 
angles ore known to be 50° and 40°; but aa a rule, if a {dan be 
given, the angles at the station-point may be ooxmtructed similar 
to toose of the plan by the method- shown in Fig. 18 of " Prac¬ 
tical Geometry appUod to Linear Drawing” (Vol. I., page 124). 

Broduoe the lines s n and s j until they meet the horizontaS 
lino; and these points^ mooting are oallod the vanishing 
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poinit for theaa linea. CUl the one t r 1 (y anialiiTi g point Ko. Kow it will be remembered that -when in former etndiea a lino 
1), and the other TF 2. wm enppoeed to be receding from the pictnie-plane at right 

From y F1, with radine tf 1 to S, deaoribe an arc, ontting angles to it, and it was roqoirod to ont off a certain portion of 
the horizontij line. Call this intoraeotion m f 1 (measuring that line, or to mark a particular point upon it, the real lengtli 
point No. 1). FromVF 2, with radius yF2 to B, describe an arc, to be ont off was marked on the picture-line, and a lino 
ontting the horisontal line in X f 2 (measuring point No. 2). j drawn to the point of distance, intersecting the original line in 



The reason why these points ore oollod measv/ri/tig points wUl 
06 understood when their use in moasuriitg* is seeu os we 
proceed. 

All the points neoessaiy for our present purpose having been 
fixed, we can now proceed with our perspective projection. 

Having fixed that the angle A of the plan ahull bo at a' on 
tlm jfioture-line, draw a line from a' to eaoh of the vanishing 
points. a 


a point required. In the present system ol perspective, 
measwring points are used for this purpose, as will be seen by 
the following process:— 

From a' set off on the picture-line the length a' b' and o'- 
equal to A b and A c, the sides of the plan. IVom b' draw a lino 
to the measuring point belonging to the vanishing point to 
which the lino which is to bo cut off is drawn. Thus the line 
wo are now considering ia drawn from a' to v F1} therefore. 
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from b' dnv a lino to url, wMoh onttmer the line a'tfI, 
Ifivee the intereection h, which ia the point required; and a' h 
ia the perepeotiTe rcpreaentation of the line ab of the plan 
when reoedin^ at 40“ from the picture. 

Similarly, draw a line from a' to ▼ p 2 ; and from c' draw a 
line to M P 2, cutting a' v f 2 in e. Then, 'aa in the former caao, 
t! cim the perapectire representation of the lino a c of the plan. 

It is here neceasary to bear in mind a short rule—'m., all 
rimes which in the olgect^are parallel to each otlecr vanish in the 
same point. 

Now, on referring to the plan, it will be seen that the lino b d 
is parallel to A c, and that the ^e c n is paroUol to a b. 

Therefore, in the perapeotiTe projection, these lines will 
vaniah in tiie same points. 

From h draw a lino to t f 2, and from e draw a line to t p 1. 

These lines intersecting in d (which oorresponda with s in 
the plan) will giro A'bdcas the perspective representation of 
the plane a b n c when placed at the angles of 40° and S0° to 
the pieture-planc. 

Lot ns take Fig. 35, however, to be not a single plane, but 
the plan of a cube, the faces of which are at the stated angles 
to the picture-plane. 

Then, having projected the plan already shown, erect a per- 
pendionJar at a' —^viz., a' e. This perpendicular is to be the 
real height of the foremost edge of the object, whatever that 
may be. But aa in this case a cube is the subject of tho study, 
the edge a k will of course bo equal to opy one of the edges, of 
too plan — ^via., a b, A c, n d, or c u. 

NoW tho upper edges of tho cube are porollol to tho lower 
ones, and therefore they will vanish to the samo points. 

Therefore from K draw lines to both vanishing points. 

From ii and c draw iierpondicnlars cutting the Unes drawn 
from X in L and M. 

From li and u draw linos to v p 1 and v p 2, and these, inter- 
sooting in n, wOl complete the representation of tho cube. 

It will prevent the student experiencing mnoh disappointment 
in his results if he bears in mind that when the angle on each 
side of the station-point has been oonstructod, tho space con- j 
toined between these two angles should correspond with the | 
angle of the abject itself; thus, when an angle of 50° has been 
oonstmoted on the one side of s, and an angle of 40° on the 
other, then tho angle .'ss h remaining between thorn should be 
the angle of tho object, wluoh in the present instance is a right 
angle. 

It is also neceasary to point out when a rectangular object, 
such as a cube, stands at equal angles to tho piotnro-plano— 
tiiat is, when it recedes on each side at 45°—the points of 
distanoe become the vanishing points. 

Fig. 36.—In this figure the rule, Uiat “ all lines which in the 
object are parallel to eaob other vanish in tho same iwint,” is 
plaiiily illnstmted. 

Here the snbjeot is a square, divided into smaller squares by 
linos parallel to the sides. 

Having drawn the picture-line, horizontal line, and lino of 
direction, find the vanubing points and measuring points, os in 
the former case; it has slnady been stated that the station- 
point may be taken below of above (he horizontal line. The 
latter is chosen in the present study. 

Tho angle A of the plan (Fig. 37) being fixed at a', draw linos 
to the vanisliing points. 

From a' sot off a'b' and a' & equal to tho sides ot the square, 
and from these points draw lines to the measuring xsiints, 
which, cutting the lines drawn to tho vanishing ])nint8, will givo 
the points b and c, completing the perspective view of tho ox- 
temal square. 

t Sst off on tho picture-line between a' and n' nrd a' and o' tho 
points F- 2'. S', oorresponding with those similarly figured in the 
plan. From 1, 2, 3 draw lines to the measuring points, ontting 
a' b and A* e, and from suolt interseotions draw lines to the 
vanishing points, whioh, crossing each other, will divide the 
square as xeqnircd, and will thus complete tho perspective repre¬ 
sentation of the original figure. 

Kg. 38-—This is another adaptation of the same study, and 
gfiVes tile principles on which windows, doors, etc., in buildings 
standing at an Angle to the picture, are drawn. 

The height of the spectator and the distanoe having been 
fixed, let ns suppose that the angle at which the plane if^ to be 
represented ia that shown at a—viz., rae. 


Froduoe s o nntil it outs the horizontal line in V B. From 
TF, with ndina to 8, describe an aro, ontting the horizontal 
line in u F. 

Draw A B, the vertiosl edge of tiie plane to be drawn, and 
from its eziromities draw lines to the vanishing points. 

From A set off A o equal to the width of the plane, sad draw 
a line to the measuringpmnt, which, cutting atp in c, will give 
the plane for the distant vertical side e h. 

Now on A B set off the required points of diviston, x and D, 
and from these draw lines to tho vanishing point, whioh will 
divide the plane into three strips, which, if it were parallel to 
the plsne of tiie picture, would be horizontally placed. 

Between A and c set off the points 1, 2, representing tiie 
widths into whioh the plane is divided vei^oally, msd from 
these points draw lines to the measuring point, ontting Ac in 
1, 2; on these erect perpendicnlarB, which will complete the 
figure. 


BIOGRAPHICAL SKETCHES OF EMINENT 
INVENTORS AND MANUFACTURERS. 

X-GALILEI GALILEO. 

BV JAUES OBANT. 

Galibei 6ai.ii.eo, the inventor of the telescope—one of tho 
most distinguished of Italian philosophers—^was born ^ tho 
city of Fisa, about the year 1564. His father, a hiorentinu 
noble, had him educated for the profession of medicine; but a 
love for geometry inspired him, and to this study he turned all 
the powers of his mind. Tho writings of Archimedes and 
Euclid he mastered without the aid of a tutor; and so great' 
were his acquirements, that in his twenty-fifth year he was 
appointed by Cosmo II., then Qiuud Bake of Tuscany, to the 
mathematical chiiir in Pisa. Before three years wore passed he 
had to quit that city, his sturdy opposition to the philosophy 
of Aristotle having gained him many enemies; so he accepted 
the professorship of mathematics in the then famous Univorsily 
of Padua, where for eighteen years his name adorned it, and 
he succeeded in developing a high taste for tho physical 
sciences. 

Galileo had distinguished himself by no discovery (a few 
minor oontriyanoes excepted) till he attained bis forty-fifth 
year. This was in 1609, when he produced a telescope; and 
perhaps no invention that sciOnco hM presented to mankind is 
so bonndlesa in its influence, and so extraordinary in its nature', 
os that long glass by which distant objects are viewed clearly. 
It chanced that in 1609—tho same year in which Kepler pub¬ 
lished his “ Commentary on Mars ”—Galileo was in Venice, when, 
in tho ooursB of conversation, he hftard it stated that “ a 
Datchman, named Jansen, had constructed and presented to 
Maurice, Prince of Nassau, an iustnunent through which he 
saw distaut objects magnified and rendered so distinot that 
they seemed close to the observer.” Sjxnok by this story, 
which a few believed and many discredited, the mind of GaUioo 
became filled with the importance of snob an instrument; and 
so thoroughly hod he already studied the entire scuenoe of 
lenses, that he not only discovered the principle of their 
applioation in a shifting tube, but was,speedily able to make a 
telescope for bis own use. To the uninstrnoted mind tiie 
power of seeing clearly objeots at a vast distanoe brought close 
and nigh apparently, must seem miraculous; and benoe it was 
that the Arobs, whom the officers of Colonel Malcolm’s force in 
Persia permitted to look through their telescopes, fled iu terror, 
exclaiming, “ You aro magicians ! Now we see how yon take 
towns; that thing, bo they ever so far off, brings them as dose 
as you like." It was on iuvontion valnablo alike for peace and 
war; but to have been the first astronomer in whose hands so 
valuable a gift was placed, was on eminbnee to whioh Galileo 
owed all his reputation and future persecution. 

As soon OB lus telescope was complete ho applied it to the 
i stars of the firmament, and on the night of the 7tb of January, 
1610, when first he used it, he saw close to Jupiter three little 
bright stars, hitherto unseen by human eye, lying in a line 
psj^el to the eoliptio, two to the east and one to tiie west of 
tho planet. Then a gr^t emotion of enthusiasm is said to 
have filled his heart s but regoidiug them as merely or^aty 
stars, bo never thought of estimating their distances. Button 
the night of the 8th of tannazy, when again regarding Jupiter, he 
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wu HarpriBedto see cJl the three etazstofhe west of the planet, 
it iru teqnisiie that the motaon of Jupiter should be d^ot to 
piodooe this effeot, whereas it was diatmotly retrograde. On 
&e 10th he oonld distingniah only two atara to the eaat of the 
planet, the motion of which he was quite unable to explain. 
He aaoribed tbo change to the atara themaelTea, and on the 
night tit the 11th he no longer doubted that be had diacoyered 
three planeta that rerolved round Jnpitor; and on the 13th he 
saw, the first time, the greater planet’s fourth satellite. 

This disoovety caat a new light on the entire celestial system. 
Hitherto it had been beliey^ that while this earth was the 
only i^net favoured with the existence of a moon, it was of 
necessity Ihe only one in the nniverse that was habitable, and 
as such oocnpied pre-eminence in being the centre of the 
system;,but the discovery of four moons revolving round a 
mueh nobto planet than ours, deprived the old argument of 
aU force, an^ established a now analogy to it and the other 
heavenly bodice. 

In 1610 Gkdileo, in his “ Sidorool Messenger, ” announced his 
great astronomichl discovery to the then very limited world of 
amenoe. Eepler perueed it with the deepest interest; for while 
it confirmed and extended lus own brilliant discuvorios, it dis* 
polled the oldillnsiona of past philosophy; and in the “ Disserta¬ 
tion ” which he published on the discovery of the learned Pisan, 
he expressed a hope that similar satoUitea might be traced 
aronnd Mars and ^tnm. Gbhlco next applied his wonderful 
glass to the study of Venus, and in IGIO discovered in the 
phases of that planet the forms of waxing and waning peculiar 
'■ to the moon. He ne'jit detected the spots on the face of the 
sun, ascribing them to the rotation of the central luminary ; 
and on the surface of our moon bo saw her valleys in shadow, 
her mountains in light, and determined the curions foot of her 
balance or trepidation in the firmament, in virtue of which parts 
of her shining disc occasionally appear and disappear. 

It was while thus ocenpie<l in his native city of Pisa—to 
which he had been recalled by the Grand Duke Cosmo, ever 
his ^nerous patron, that he might pursue his astronomical 
studies—that the fame of his discoveries spread over all Europe, 
and many learned'men, who liad been obstinate adherents of 
more onoiegt systems, felt themselves compelled to acknowledge 
the truth of the new. Hut Galileo, though ambitions of propa¬ 
gating the new truths which he wished to establish as to the 
workiugvof the solar system, had mistaken the general disposi¬ 
tion of mankind, and the narrow prejudices of the age in which 
* he lived. “ That same system of the heavenly b^os which 
hod been discovered by the humble ecclesiastic Hicholos 
Copernicus, which had been patronised by the kindness of a 
bishop, published at the exiiense of a cardinal, and which the 
Pope himself had soiAtionod Viy the warmest reception, was, 
afto the lapse of a hundred years, doomed to the most violent 
oppontion as subversive to the Christian faith. On no former 
ooeasion had the human mind exhibited such a fatal relapse 
into intolenCnoe.” So the clergy became the most bitt«r oppo¬ 
nents of GoIOeo, and were resolved to persecute him even 
auto death, if possible, becoming for tho time thorough barriers 
to the progress of science. 

Thus in the year 1615, in consequence of complaints laid < 
before the Holy Inquisition, Galileo was summoned to Borne, 
that he might answer for the foul heretical opinions he had 
promulgated verbally and in writing. Ho was charged with 
“maintaining as true tho false dootrines held by many, that 
the sun was immovable in tho centre of the world, and that 
the earth revolved with a diurnal motion ; with having certain 
discipleB to w^om he taught thie false doctrine; with keeping 
Tip a correspondence on the subject with several German mathe- 
nmtioiana; with having published letters on the solar spots, in 
whioh he explained the same false doctrine as True; and with 
having glmsed ov« wil^ a false interpretation those passages 
of the Scnptnre whioh were urged against it.” 

In Pebmaiy, 1616, the consideraMon of these charges came 
before a meetii^ of the Holy Office, and the court avowing their 
desire to deal gently with the prisoner,issued the following decree; 
—“ Hiat his Eminence Cardinal Hellamiin should enjoin Galileo 
to renounce entirely the above cited false and heretical opinions j 
tiiat on his refusal to do so he shpuld be commanded by tho 
Oommioaaiy of the InquiMtion to abandon the said dootriuc, and ■I 

ceaAB to teach uid dofesd it; and that if he did not obey ' 
this command he should be thrown inlb prison.” 


Galileo,appeared before Cardinal Bellarmin on the 26th of 
the same month, and after receiving from him some gentle 
admonitions, the Commissary, in pnrsaanoe of remit m^e to 
him, oommanded the astronomer, in presence tit a notary and 
oert^ witnesses, to abstain altogether from the diffusion 
of his erroneous opinions, as it was now nnlawful for him to 
teach them in any way whatever, either orally or in writing. To 
these absurd injunctions Galileo was compelled to promise 
obedience, and woe passed through the perilous gates of tim 
Inquisition. To the influence of the Grand Duke Cosmo, a;^ 
many other Tuscans of high rank, the mildness of this sentenoa 
most be aaoribed. Nor was the Papal Court itself without 
many high ecoleBiastics who took a deep interest in the trial of 
one who was by most men considered as the pride of Italy. How¬ 
ever, so great was the dread of the ofiicials of the Holy Office 
that ho might not be deterred by threats from propagating his 
obnoxious doctrines oonoeming the motion of the earth ronnd 
the sun and so forth, that a stem deoreo was issued denouncing 
them as false, contrary to the writings of the Bathers, and 
prohibiting tho sale of every book in which they should be 
maintained. 

Boturued now to the Tuscan capital, Galileo resumed his 
studies with nndiminished ardour; but his recantation was eo 
formal •and without reservation, that prudence might have 
restrained him from bringing them unnecessarily before the 
world, and, more than id!, his clerical porsoentora. No decree 
had been issued against his telescope, his scientific discoveries, 
or the free exercise of his genius. He was simply forbidden to 
teach a doctrine deemed injurious to implicit beUdf in the Scrip¬ 
tures, and to the Christian faith. Moreover, he was hablo to 
the authority of a court which possessed tho power of torture 
and of death by fire within its jnrisdiction. 

But his euthnsiaam in tho canse of science was irreprossible, 
and rendered him fearless as to coiiseqnoncos. Thus, before 
six years wore past, ho began to compose his “Coamical System; 
or, Dialogues on tho Two Greatest Systems of the World—^the 
Ptolemean and the CoiMsmican,” a work, tho concealed object 
of which was to establish tho very opinions he hod promised, 
under throats, to abandon. Three speakers, Sagrado, Salviatus, 
and Simplicius, debate on tho merits of those systems, and 
thus Galileo hoped that by this indirect mode of diffusion ho 
might get the better of the Holy Office. So the work waa 
printed at Florence in 1632. 

A year elapsed before tho Fathers of the Holy Office gave 
any indication of an attempt to open their prosecution again. 
Nor, to do them justice, did they seem to care for doing so, 
until they saw that those tenets, to them eo obnoxious, were 
spreading fast, in consequence of the publication of tho 
imaginary dialogues. A careful examination soon proved the 
work to be a deliberate violation of the injunctions laid upon 
Galileo, whom they summoned once more before their tribunal in 
1633, and the poor old man, now in bis seventieth year, was 
comx>ollod tu travel from Arcetri to Borne, at a time when the 
a!>plianceB for locomotion were not what they ore now ; and on 
his arrival be was committed immediately, like a criminal, to 
the ohambera of tho Fiscal of the Inquisition. The friendship 
and influence of the Grand Duke obtained a change for him, and 
ho was permitted to reside in Uie palace of the Tuscan ambas¬ 
sador daring the two montlis over which his trial extended. 
Examined on oath before that dread and mysterioas tribnnal, 
ho candidly acknowledged that, ho was the author of the Dia¬ 
logues, and that he had composed them in such a manner “that 
the arguments in favour of tbo Copomican system, though given 
os portly false, were yet managed in such a mode that they wore 
more likely to confirm than overthrow its doctrines ; but that 
this error, which waa not intentional, arose from the natural 
desire of making an ingenious defence of false propositions and 
of opinions that had the semblance of probability.” 

Such wus his simple confession. For defence ho could pro¬ 
duce only tho certificate of Cardinal Bellarmin, which omitted 
all allusion to tho non-teaching of the Coi>emican doctrines. 
This was doomed by the Holy In/iui-i i ion to bo but an aggravur- 
tion of tho crime, and they proceeded to xuxjnounco a sentenoe, 
or rather, under terror of death, to extort a oonfesaion perhaps 
one of the most memorable in the history of the human heart. 

After solemnly invoking the name of our S-tvionr, Ih^ de- 
clasrod that Galilei Galileo had become a heretic by believing 
I in a doctrine contrary to the Scripture, " that the sun was the 
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flentre of tlie aaith’i orbit, and did not mova from east to weat; 
rad by dsfending, aa probable, the opinion that the earth 
moTsd, and waa not the centre of the world, and that he—^the 
■aid Galileo—^had thna inonrred all the oenanrea and penaltieB 
enaoted by the Church agfaina^ auch offences; bnt that he ahonld 
^ i^aolred from these penaltieB, provided he abjured'and 
onraed all the errors and hereaiea contained in the formule of 
the ChiiKdi, which ahonld be aubmitted to him; that he ahonld 
be condemned to the prison of the Inquisition during pleaanre, 
*Bind that during the three following yeara he should recite the 
■even penitential psalms.” 

Seven cardinals anbacribed this oatoniahing sentenoe on the 
22nd of June, 1688. 

Then Galileo, worn with age, weary of the mental torture to 
bhieh he had been aubjoeted, and weakened by the influencea 
around him, signed ra abjuration, alike humiliating to himaolf,- 
and degrading to pUlOaophy. In Ua old age, with hair and beard 
aa white aa anow, bent on his knees, with hia right hand resting 
on tile New Testament, Galileo avowed that he abandoned, ” as 
fhlae rad heretioal, the dootrine of the eorth’e motion, and of 
the enn’s immobility, and pledged himself to denounce to the 
Holy Offioe any other person who was suspected of such heresy.” 

ft seemed as if the hand of Fate was over the imhappy 
Galileo now. Freed from the Inquisition and all its terrors, ho 
only returned home to find calamity there, for his favourite 
daughter had been seized with an ilteesa whioh soon ended in 
dea^. Intense melancholy, hernia, palpitation of tho heart, 
rad a iierfect loss of appetite now fell upon himself, all of 
which was believed by hia enemies to be the ourae of God upon 
him BB a heretic; and though he prayed for leave, impoverished 
though he was, to visit Florenoe in search of medical advice, 
it was refused him by tho Holy Office, which had special auper- 
viaion of bis movemonta. Tho Pope, however, took mercy upon 
him, and in 1638 he was permitted to visit the Tuscan capital, 
in core of his friend Fodre CastoUi and a familiar of the Inqui- 
aition, on indnlgenoe aoon withdrawn, and he was ordered to 
retnm to Axcetri. His eyesight had now begun to foil him, 
and in the year 1637 ho became stone-blind. 

Even the Inquisitors now hod mercy on tho patrioroli of 
seienoe, aged, blind, bereaved, impoverished, and crushed in 
apiiit. They permitted him to have tho society of his friends, 
who now thronged about him to express their admiration and 
sympathy. Among those who oamo thus wore the reigning Grand 
Duke of Tuscany, Pierre Gassendi, the great French philosopher 
and mathematician, John Milton, the author of “ Paradise Lust,” 
Diodati, and many more. His sense of hearing soon followed 
his sight; but the brilliant faculties of bis mind remained unim¬ 
paired ; and it was while occupied in experiments, and in oon- 
■idering the force of percussion, that a fever and palpitation of 
the heart feU upon him, and ho expired on the 8th of January, 
1642. 


PEINCTPLES OF DESIGN.—XIII. 

BT CBBISTOFHXB DBXSSBB, FH.D., 7.US., BTC. 

Hayisq oonsidered furniture, tho formation of whioh requires 
a knowledge of oonstmotion, or of what we may term etmotural 
art, wo pass on to notice principles involved in tho decoration 
Of Borfaces, or in “ surfooe decoration,” as it is usnally called. 
Tinder this hood, we oommenoe by considering how rooms 
should !:» decorated; yet, in so doing, we are met at the very 
outset with a great diffioulty, as the nature of the decoration of a 
room should be determined by the ohoraoter of its architeoture. 
Hy difficulty rests hero. How am I to toll yon what is the just 
decoration for a room, when tho suitability of tho decoration is 
often deponent upon even structural and ornamental details; 
and when, in all oases, the ohoraoter of the doeoration should 
be in harmony with the oharaoter of the architecture P Broadly, 
if a bnilding is in the Gothic style, all that it contains in the 
way of deomtion, rad of furniture also, should be Qothio. If 
the building is Grm^ the decorations and furniture iliould be 
Greek. If the bnilding is Italian, all its decorationa and furni¬ 
ture should be Italian, and ao on. 

But there are further roquirementa. Bach term that I have 
now used, aa tsj^aaive of a siylo of architecture, ia more or 
}oaa generio in oharaoter, and ia therefore too broad for general 
4iae. 'What is uauaUy termed Goibio orclutecture, ia a group 


of styles having common origin rad reaetnblanoea, known to 
tile arobiteot ea the Semi-Norman or Txrasition atyle, whioh 
oaouired in the twdffh century under Henry II. (it waa at this 
time that the pointed arch was first emidoyed). 'Die Early 
English, which was developed in the end of the twelfth and 
early port of the thirteenth oeqtiuy, mider Bidhard I., John, 
and Henry HI.; the Decorated, whioh ooonrted at the end of 
the thirteenth, rad early portion of the fourteenth oentuiy, 
under Edward I., Edwa^ H., and Edward HI.; the Ferpen> 
dionlar, whioh ooonrted at the latter part of the fourteenth, rad 
tiirongh the greater portion of tho fifteenth century, under 
Biche^ n., Henry lY,, Y. and 'VI., Edward IV. and Y., and 
Kiohard HI.; and, lastly, the Tndor, whioh oocurrod at the end 
of the fifteen th, and tho beginning of the sixteenth oentuiy, 
under Henry VII. and Homy YUI. All these s^lefi are pro¬ 
perly spoken of as one, and are expressed by the one term— 
Gothic. It is BO also, to an extent, with tho Greek, Boman, and 
Italian styles, for each of those appear in various modifications 
of ohaiaotor, but into such detafis wo will not enter; it must 
suffice to notice that tho character of tho deooration must be 
not only broadly in the stylo of tho architecture of that bnilding 
whioh it is intended to beautify, bnt it mnst be similar in 
nature to the ornament produced at precisely tho same date aa 
the architectore which hu been employed for the building. 

It must not be supposed that I am an advocate of ropro'. 
dneing works, or even styles of arohitecturo, such as were created 
in times gone by, for I am not. Tho pooples of post agos care¬ 
fully sought to ascertain their wants—the wants resulting from 
climate—the wants rosnlting from the nature of thoir religion— 
the wants resulting from social arrangements—tho wants im¬ 
posed by the building material at command. Wo, on the 
contrary, look at a hundred old buildings, and -without oouaider- 
ing our wants, as differing from those of our forefathers, take a 
bit from ono and a bit from another, or we. reproduce ono 
almost as it stands, and thus wo bungle on, instead of over 
seeking to raise such buildings as ore in all rcspocta snitod to 
onr modem requiremonts. 

Things are, however, much bettor in this respect than they 
were. Bold men are dealing with the Gki-thio style in its 
various forms. Soott, Burgess, Street, and many others, ore 
venturing to alter it; and thus, while it is losing old ohorac- 
toristics, and is acquiring new elements, it is already assuming 
a chara^r which has nobility of expression, -truthfulnesa of 
B-tructure, and suitability to our special requirements. In time 
to oome, further changes -will doubtloas bo mode; and thus the** 
style whioh arose as an imitation of tho past, will have baoome 
new, through oonstantly departing from tho original type, and 
as constantly adopting new elements. 

I have said that tho doeoration ofBa bnilding should bo 
brought about by -the employment of such ornament os was, in 
time post, associated witii tho particular form of architeoture 
employed in the bnilding -to be decorated, if a precisely similar 
form of arohitectore previously existed. Lot not the ornament, 
however, be a mere servile imitation of what has gone before, 
bnt let the designer study the ornament of bygone ages till ha 
understands and feels i-fca spirit, and then lot him strive to 
produoe new forms and new oombina-tions in tho spirit of the 
ornament of the past. 

This must also bo 'oorefully noted—that the ornament 
of a partioular period does not oonsist merely of the forma 
employed in the arohiteotnre, drawn in eolonr on the wall, 
or the celling, as the ease may bo. The partioular form 
of ornament used in association with some forms of Gothio 
architaoture -was very different in oharaoter from what wa 
might expect from the nature of the architecture itself, and did 
not to any extent consist of flatly'-treated orooketa, gable ends, 
trefoils, cinquefoils, etc. The ornament of the past must b» 
studied in its purity, and not from those -Wi etched attempts aA 
the production of Gothio deooration whioh we often see. 

In what we may oall the typical English house of tiio present 
day there ia really no arrchitectnre, and if such a building ia to 
be decorated it ia as legitimate -to employ one style of orna¬ 
mentation as another. In such a ease I should choose a 
style which has no very marked features—whioh is not strongly 
G;mk, or strongly Gothio, or strongly Italian; and if there is 
the necessary abMiy I ahonld say try and produoe ornaments 
having novelty of (ffiaraoter, and yet acknowledging (showing^ 
your knowledge of) tiubgood qutditiea of all styles that ore 
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paat. If this ia attea^ited, care mnst be exerdsed ia order to We in a clear bine Blqr orerbeod, and we apeak of the 
avdd getting a mere combination of elements from voriona akj as increasing in beant; as it becomes deeper and deeper in 
stales as one ornament. Nothing can bo worse than to see tint. Thus tho depth of the tint of the Italian sky is fsoniliar 
a bit of Qxeek, a fragment of Eg^tian, an Alhambraio scroll, to ns all. Why, then, m^e onr ceilings white f I often ask 
a Qot^ flower, and an Italian husk, associated together as this question,, and am told that tho whiteness renders tho ceiling 
one ornament; each an ornamental composition would be de- almost invisible; honco it is preferred. This idea is very 
testable. What 1 recommend ia tho production of new forms; absurd; first, b^use blue ia the most ethereal and moat 
but the new oomp<»ition may have the vigour of the best distant of all oolours (see Chap. Y., page 191); and, second, 



Kg. 39.—DJisiav FOR the orkahbntatioh of a ceiuho. 


Gotbto ornament, tfie severity of Egyptian, tho intricacy of tho do we not build a house with the view of procuring shelter P 
Persian, the gorgeonBnoBB of the Alhambra, and so on, only it hence why do we seek to realise the feeling that wc are without 
must not imitate in detail tho various styles of the past. a covering over our heads P Wo only like a white coiling 

Now as to the decoration of a room. If one part only can ho because we have been acenstomod to snoh from infancy, and 
doootated, let that ono part be the ceiling. Nothing appears to booauso we have been taught to regard a clean white ceiling as 
me more strange than that our oeilings, which can be properly all that is to bo desired. I knew a Yorkshire lady who, upon 
seen, ace usually white in middle-olass houses, while the walls, being asked by her husband whether she would like tho dnswing- 
whioh tee always in pact hidden, and even the floor, on which room ceiling decorated, replied that she thought not, as she could 
we tresid, should have colour apd pattern applied to ihem; and then have it re-whitewashed every year. The idea was clean oor- 
gf this 1 am certain, that, considered from a decorative point of taidly. Blue, I have said, is ethereal in character; it is so, and 
view, onr ordinsiy teeatment ia wrong!* may become exceedingly so if of medium depth and of a grey 
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hne; hence, if a more atmospheric effect was songht, it would 
be deeicable that this colour be used on the (idling rather than 
white. But, as we have just said, invieibility of the ceiling is 
absurd, as it is our protection from the weather. Further, the 
oeOisg may become an object of great beauty, and it can be 
Been as a whole. Why then neglect the opportunity of arrang¬ 
ing a beautiful object when there is no reason to the contrary ? 
We like a beautiful coloured vase, or, if wo do not, wo can have 
ifwhitowashed, or oven disponso with it altogether. We like 
beantifal walla, or we would have them whitewashed also ; in¬ 
deed, wo like our surroundings gonorolly to bo beautiful. Why 
not, then, have beautiful ceilings, ospoeially as they can be 
seen complete, while the wall is in port hidden by furniture and 
pictures ? 

1 wUl suppose tbat wo have an ordinary room to deal with. 
First, take away the wrotohod plaster ornament in the centre 
of the ceiling, for it is sure to be bod. There is not one such 
ornament out of a thousnud that can be so treated as to make 
the ceiling look as well as it would do without it. Now place 
all over the ceiling a pattern which repeats equally in all direc¬ 
tions (os Fig. 39), and let this pattern be in blue (of any depth) 
and white, or in blue (of any depth) and cream oolobr, and it is 
sure to look well (the blue being the ground, and the cream 
colour or white the ornament). 

. Simple patterns in cream colour on blue ground, but having 
a strong black outline, also look woU; and these might bo pre¬ 
pared in paper, and hung on the ceiling as common paper- 
hangings, if cheapness is essential. Gold oniaments on a deep 
blue ground, with block outline, also look rich and offectivo. 
These are all, however, simple treatments, for any amount of 
oolonr may bo used on a coiling, provided the colours arc em¬ 
ployed in very small masses, and are perfectly mingled, so 
that the effect produced i.s that of a rich coloured bloom (see 
Chap. VIl., Vol. I., p. 299). A coiling should bo beautiful, and 
should also bo manifest; but if it must bo somewhat' indistinct, 
in order that the caprices of the ignorant bo humoured, lot the 
pattern be in middle-tint or polo blue and white only. 

I like to soe the celling of a room covered all over with a 
snitablo pattern, but 1 do not at all object to a large central 
ornament only, or to a centre ornament and comers ; especially 
if the cornice is heavy, so as to give compensating weights in 
the margin. I have recently designed and seen “ carried out ” 
one or two centre ornaments for drawing-rooms, which orao- 
ments were twenty-one feet in diameter. A centre ornament, if 
properly treated, may be very largo without looking heavy; it 
mi^, indeed, extend at least two-thirds of the way from the 
eenlm to the margin of the ceiling. 

If the ceiling is fiat all ornament placed upon it must not 
only be fiat alw, but must not fictitiously represent relief, for 
no shaded ornament con bo pleasant when placed as the decora¬ 
tion of an arohitectural surface. 


TECHNICAL DRAWING.—XXX. 

THE BTBAH-ENOIKE. 

Thb modem steam-engine owes its origin and development to 
'the united genius and persevering industry of many inventors. 
Its influences upon the civilisation and comforts of the human 
race are incalculable, and it may be said with -truth that no 
other mechanical contrivance has bad so largo a share in the 
unprecedented advancement that has taken place through the 
world during the present century. Even the printing-press, 
which ranks second, would never liave accomplished so much 
without the untiring power of the stoam-engino to drive it. 

like other great discoveries, its origin seems lost in obscurity. 
More than 2',000 years ago Hero of Alexandria described a re¬ 
action stoam-engino, which is now used os a sort of toy ; but the 
first to make a practical use of the clastic force of steam were 
the priests in the heathen temples, and the more scientific war¬ 
riors ©f ancient story. They made hollow images of brass, idols 
or dragons, and filled them with water or spirits. Steam or 
vapour issuing from the mouth or nostrils seemed to indicate to 
the idol-worshippers the wrath of their gods, and the fiery 
dragons served .to terrify an ^orant enemy. 

The first man of whom any anthcntic record erists as having 
dimly dteauiod of the latent power of steam, was Solomo& de 
Caux, about the year 1614. His maohino was a sort of fountain 


worirod by steam; but the only result of his ingemity was his 
own incarceration in the Bicdtro, the Paris lanatio asylum, b)' 
Cardinal Biohelieu, the powerful minister of Louis XIY. Here 
he was visited by the Harqnis of Woroester, who at length 
brought out his “ Fire Water Work,” a rude pumping-engine, 
and declared it to bo an admirable and most forcible inatmment 
of propulsion; but as the marquis was in disfavour, and sus¬ 
pected of being a madman, his machine attracted little public 
notice, and was never pcaotically adopted. These experiments 
and others prepared -too -way for, and excited -the notioo of, 
future inventors, and Thomas Savery’s improvements were 
quickly followed by Newcomen’s engine, which oontoined the 
germ of the present Cornish pumping-engine. Its valves were 
moved by boys, and one of them, named Humphrey Potter, 
desiring to leave his irksome task for play, arranged /lords a-fc- 
tached to the engine so as to move the valves. This was a 
great improvement, and reflected much credit upon tho youthful 
inventor. Brindley, Smoaton, and others made further progress; 
but the greatest improvements were made by James Watt, who 
is justly styled the father of the modem steam-eugine. 

In partnorship with Matthew Boulton, of Soho, near Bir¬ 
mingham, Watt rapidly mado numerous changes in Newcomen's 
engine, and brought tho Cornish pumping-engine to the state in 
which it now exists. Ho also arranged the beam-engine to 
drive factories, and made many other minor improvements. 

In 1802 Captain Trevithick patented the first locomotive, oud 
several wore used to drag colliery tracks in Sontli Wales; but 
they were heavy and slow, and altogether inefficient for pas¬ 
senger traffic. After many alterations and improvemonts on 
the original idea, several different types of locomotive wore in¬ 
vented, and ill 13,80 Stephenson’s engine, tho “ Eocket,” was 
worked most successfully on the Liverpool and Manobestcr 
fiailway, and it contained tho same general features as the 
locomotives now in use all over the civilised world. 

Meanwhile engineers wore not idle in their application of tho 
same potent agency to the proiralsion of ships. Tho first to 
realise and carry out tills idea seems to have been a Spaiiisli 
captain, Biased do Garay, who in 1543 induced tho Emperor 
Charles V; to allow him to put his idea into practice. No trust¬ 
worthy accounts exist, but it is stated that his ship was moved 
by paddles, and had a steam-boiler on board. Tho rinp seems 
to have moved at about four miles an hour in tho harbour of 
Barcelona, but was not developed further. 

In tho beginning of tho present century, Bobert Falton and 
others mado several steam-ships, but the first which left England 
for Amcrifxi was the Sirius in 1838, followed quickly by tho 
Great Western, and now there is hardly a sea or river where 
steam-ships ore not seen. 

Such, thea, in brief outline, has been tho history of this mar¬ 
vellous invention. Those only who have made the giant stridos 
in its constmotion have their names and deeds known to fame, 
but hosts of inventors have emulated thoir exertions, and we see 
tho roanlte in tho modem stoam-enguio. 

Several distinct types of stoam-engino arc known, but un¬ 
ceasing change is still i^ing on in matters of detail. It would 
be altogether foreign to tho purpose of the present subject to 
enter into these matters, and two typos only have been selected 
for illnstration. 

One, the vertical ongiue, as generally employed for marine 
pnrposoa. Tho other, most universally known for stationary 
use, and the beat for smaller sizes, namely, the horizontal high- 
pressure engine. This last forma tlie subject of tho present 
lesson, and is preceded by detailed drawings of its ’various parts. 

Before describing tho details of this engine, it trill be well to 
cousidor tho subject of designing machinery. It should never 
bo forgotten that art ought to have its full share as well as 
science, and if any parts seem disproporti^ed to on educated 
eye, it is a euro sign that they need correcting in some way. As 
with a bnilding, so wi-tb a machine, each should haye its own 
peculiar beauty; and 'there is as much art and good taste 
required for the design of an engine or machine as in planning 
a house or palace. But tho forms suitable for a sfone.buffding 
are not proper for iron machinery: for example, the older side- 
lever marine engines were mode strong and massive, but carved 
and ornamented like a Gothic bnilding, -with pointed arches, 
window-frames, mnllions, capitals, etc.; while pedestals and 
shafts arranged upon this stmotnre, 'with an ntter disregard to 
position or fitness, gave to the whole thing a stupendous ineon- 
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groil^. These strange mixtoros of styles wore, fortunately, compass. The inconvenience of snoh an arrangement is very 
as a rule, boried in the holds of ships; but they furnish most great; for the parts are with difficulty cleaned, cannot bo seen 
ai^n^^rahla lesBons of what ovBry designer of machinery should or oiled, and therefore soon got out of repair. A very slight 
avoid. The true beauty of design in engineering design follows experience m machinery furnishes many illustrations of this 
the some roles as those wMoh render a group of statuary defect, and it is peculiarly common with steam-engines. Cases 



pleasing to the eye ; and the graoeful forms of u well-designed j exist, as on board ship, where economy of space is almost as 
mMhme impress the mind with a sense of beauty, of fitness, | imxiortant os economy of fuel, and there olnso ))ackiiig is UH' 
. I avoidable, but in the majority of instances cliwo poking of 

• remarks apply in favour of all the machines illustrated working ports is an evil to be avoided, ami not an object to be 

® especially to those of Sir Joseph Wldtworth, and sought. Another important consideration is the constructive 

to me drawings of steam-engines now under notice. detail, and it is here that experience becomes requisite, and any 

• A ^eat error is frequently^ committed by designers in at- mbte theoretical education foils altogether. All jjarts of on 
tempting to pack their machines iflto the smallest possible engine or machine ought to fit into their places without removing 
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tboae already fixed, and not, for examj^le, require on entire frame¬ 
work to '^e removed in order to gret in a shaft or wheel. The 
design should follow oonstmetion, and the machine bo built up 
in imagination before being made in the workshop. Thus unsnit- 
able arrangements may bo detected, and the great expense of 
altering work already made avoided. Every part of a machine 
onght to poBsesB equal strength, except in such cases os oluy- 
mills, where accident or mischief may give a far heavier strain 
thpa the parts are oalonlatod to endure. Where such dronm- 
stances exist, it is desirable to have a cheap simple easting 
made, weaker than the rest of the mill, so that fraotnro shall 
take place in it rather than in the more costly ports. 

The knowledge of proper proportions cannot be porfootly 
acquired otherwise than by observation and experience, and it 
is excellent prootioe to copy good machinery drawings, or the 
maohines themselves. The strength of matonals fonns a useful 
basis for this knowledge, but so groat a margin is necessary to 
hllow for irrognlar etrains and onsure rigidity of the parts, that 
calonlatlons of theoretical strength in machines, although inte¬ 
resting and useful, ore, os a rule, exceedingly dilBcuIt in their ap¬ 
plication, and practical experience is fonnd absolutely necessary. 

Coat of ooustruotion is aSooted much more by design than 
workmanship, and a machine well designed and constructed is 
invariably cheaper than one badly designed and made. Hero 
oheapuoas is a thing to bo avoided, and simplicity should tako 
-its plane. It is the duty of the designer to arrange the parts 
or details so that they may be easily and cheaply made, while 
effectually answering their intended purposes: the amount cf 
labour ho may save is much more thou can over bo gained by 
careless workmanship, to say nothing of the mere satisfactory 
. results. ^ 

aEHBBAI, DnSCniFTION- OF F.NTOINE DETAILS. 

Scale, one inch and a half to the foot. 

Fig. 275 is a horizontal seotlon of the cylinder and valvo- 
box, showing the stoam-porta, paaaogos, and many other details. 
Fig. 276 is a side elevation, with tho front view of steam-ports, 
the valve-box cover being removed; and Fig. 277 is a cross- 
section through the middle of cylinder, at right angles to its 
axis. Fig. 278 is a front elevation to show the oover, bolt¬ 
holes, and glands. Inside -tho cylinder is a piston, shown in 
section and elevalion, known os Bamsbotham’s Patent. Tho 
packing oonsista of several thin stool rings, held in grooves in 
the cast-iron block, while steam, admitted behind them, allows 
thoir own olasticity to keep tho rings against tho smooth inner 
surfooe of the cylinder, and so retain a steam-tight joint. 

The inlet and outlet ports for steam ore clearly shown by 
Figs. 275 and 277, the latter being made of larger dimensions, 
BO as to carry away the greater volume of expended steam after 
ft has driven tlio piston. The object of having the exhanst- 
pil>e taken from below is to cany off all tho oondonsed water 
from tho oylindor. 

Figs. 279, 280, and 281 oro three views of tho slide-valve, 
oalled a short B-valvo, from its appearance being originally 
like that letter. This valve oovors over the ports, and being 
moved by an oocentrio (shown in the next lesson), it admits and 
exhausts steam at proper intervals. 

Tho crank (Figs. 282 and 283} is shown in side and front 
view; it fits upon tho ond of the main shaft, and is tho means 
of converting reetiUnear into rotary movements. 


APPLIED MECHANICS.—XI. 

BY BOBEBT BTA-WELL BALL, H.A., 

Professor of Applied Uatbematics and Ueohanism, Boyol College of 
Sciemse, Ireland. 

TEB TUBBINO-LATHE AND THB SEIDB-BEST. 

Tsx tuRimg-lathe is the most important tool used in giving 
definite form to maasoa of iron or oidior substonoes. It enables 
u4 to produoe with perfect aoouraoy any surfaco of revolution. 
The nature of a surfoao of revolution will be understood from 
Fig. 1 in the opposite page. A curve, a q p b, is ooneoived to 
revolve about the line A b. It dosoribes a surface, the nature 
of which doponde upon the form of ibo curve A q P b. If this 
were n semioirole, as in Fig. 2, the surface traced out is that of 
a sphere. If A q p s formed a rectangle, as in Fig. 8, then the 
line p q prodnoea a cylinder, while A q imd b p form the oiroles 


which are at tho ends of the cylinder. If A q B form a triangle, 
as in Fig. 4, the line b q traces out a cone, and A Q forms the 
circle at ike base of the oone. The axis a b, about which the 
I cone revolves, mqy be entirely independent (ff the arm, as, for 
example, in Fig. 5, in whioh the oirole F q revolves around tho 
line A B. Js. this ease tho circle traces out a ring. It will be 
seen' from these simple examples that a great multitude of 
different forms are suriaoes of revolution. In faot, tiie majority 
of symmetrical forms are of this olass. 

' All surfaces of revolution have one property in oommon 
which arises from the nature of their mode of generation. We 
shall fix our attention upon tho point p (Fig. 1). Let fall a i>or- 
pendioular, p k, from p upon the axis of revolution, A b. The 
lino PB remains of constant length when the curve rotates 
about the axis A B. The point p must therefore describe tho 
oircnmfereuco of a oirole of which B is the oontre and*^ R the 
radius. Tho samo is obviously truo for every other point along 
the curve A q pb. It follows, therefore, that the dntire surface 
of revolution is produced by each point in the curve describing a 
oirclo. We may state the same property in slightly different 
language. Suppoao a plane perpendicular to the axis a b to 
bo drawn, then tho intersootion ^ this piano with tho surface 
of revolution is always a oirole. 

To form, therefore, a surfaoo of revolution from a picoo of 
material, it is only necessary to prodnoo a series of cirulcs tlio 
centres of which lie upon the axis of revolution. If those 
circles have equal radii, then the surface of revolution is a 
cylinder (Fig. 3). If tho radii increaso uiuformly from one end 
of tho axis to the other, then tho surface is a oone (Fig. 4). 

Tho turning-lathe is a tool by which circles can be produood, 
and sinco tho radii of tho cirolos can bo disposed at ploasuro, 
the tnrning-latho provides tho moans of producing surfa'ces of 
revolution. If wo romombor how important are tho forms of 
tho cylinder, tho oone, and tho sphere, not to mention tho other 
surfaces of revolution, wo shall be able to nndorstand the vast 
utility of tho lathe in the arts of construction. 

Tho simplest form of tho turning-lathe is shown in Fig. G. 
This latho is intended to bo worked by the foot, hut in principle 
is tho same as if intended to bo worked by a stoam-engiuo or 
other Bouroo of iwwor. 

Tho action of the crank will bo understood by Fig. 7. c E 
is tho foot-board; this turns around a oontre at C, and at tho 
point F the pressnrt) of the foot is applied. Thus tho foot¬ 
board is a lever of the third order, of which c is the fulcrum, b 
tho point of application of tho resistanco, and f tho point of 
application of tho powor. It follows from the principle of the 
lever, which wo have already explained, that tho powor at F is 
to the load at b in the ratio of the two lines c e and c f. If f 
be applied midway between c and E, as is usual in the treadle 
of a lathe, the power at e will bo hidf tho power at F. Thero 
is, -theroforo, a diminution of power for tho purpose of increased 
convonienoe in the mode of working. Tho powor is transmitted 
from tho foot-board, c e, to tho crank, O D, by means of the 
oonnecting-rod, E d. As the foot-board oscillateB to and fro, 
the crank performs complete revolutions. It is obvious that ip 
a foot-lathe the power can only be applied during the descent 
of tho foot-board; tho power is theroforo only transmitted to 
the axle at o daring a portion of the revolution. In order to 
enable tho work of the lathe to bo performed continuously, 
some means must be devised by whioh the energy imparted to 
the maohino daring tho descent of the foot-board shall bo 
equalised thronghont the entire rotation. For this purpose a 
heavy fly-wheel, shown at F (Fig. 6), is attached to (ho axle. 
As we have already explained, when treating of the punching- 
machine, energy can ^ stored np in the fly-whoel. By this 
moans the imp^sive action of the foot is moderated, and the 
energy wMoh is etored np when the action is too great is suffi¬ 
cient to carry on the work of tho lathe during that portion of' 
the revolution whon tho power has ceased to act. In the figure 
two oranks and oonnecting-roda aso shown; this is usual in 
long lathes, because it is dosirable that the foot should always 
bo near the oonnecting-rod. 

The fly-wheel is oallod upon to perform another duty besides 
that of equalising the motion on the oiroumfeienoe of the wheel. 
At F three grooves will be seen; upon tho centre groove is a 
band, which xtesses up to the bed of the lathe, and embraces a 
oorresponding groove in the pulley shown at a. The object of 
thia band is to transmit ^he motion feem the sxlo A B to tiie * 
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work upon wUoh the lathe is engaged. The action of the bend 
will be nndeiatood from Pig. 8 . In this figure A and o are 
two wheela which ate embraced by the antno band. Lot us 
suppose that the wheel A is revolving in the direction shown 
“by the arrows. If the bond be properly tightened it will be 
impossible for the wheel to revolve without drawing the band 
towards it upon the one side and allowing it to lutss away upon 
the other, as shown by the directiou of the arrows. The motion 
of the band arises from the friction between tho band and the 
wheel; this friction is so large that it is impossible for the 
1 band to slip unless the resistance opposed by the work be too 
largo. Predaely os tke wheel A makes the band to move, so 
the wheel c is moved by tho bond. It will be evident from an 
inspection of the azrow-heada that the wheel c is made to 
revolve un the same direction as tho wheel a. Hod a and c 
been toothed wheels, geared one into tho other so’ tlmt the 
revolution of IS caused tho revdlntion of c, c would have rotated 
in the opposite direction to the rotation of a. 

It is easy to see that the velocities with which tho wheels 
revolve are in the inverse proportion of their radii. When 
the wheel A has performed one revolution it will have delivered 


^ know the ^mensions of the pulleys and the distance between 
their centres. 

Let the radius, A b, of the larger pulley be B, and o n be B', 
and let d be tho distance, A c, between the centres. 

Let fall from c tho perpendicular, c P, upon tho radius, A b. 
Tho length of the band is composed of four portions, namely, 
tho two portions of the common tangents intercepted between 
the circles, and the two portions of the circles which are 
embraced by the band. The lengths of these portions h;9vo 
to be found separately, and their sum will then give tho re¬ 
quired length of the band. 

The common tangent, D B, is equal to 0 P ; but since A C f 
is a right-angled triangle— 

AP> + CP* = AC*. 

But AP = AB-BF = AB-ci>, siuco PB DC is a parallelogram; 

.-. AP* = (AB - CD)* - (E - E')». 

Hence wo have— 

(E — E')* + CP* ■= AC* = 4*; 

. CP* = 4* - (B - S')* s 
CP =. V4* - (B - E')*. 



a length of the band equal to its circumference to tho wheel c. 
Therefore c will have to perform as many revolutions as the 
length of its circumference is contained in the cironmforenoo 
of A. Therefore the velocities must be inversely proportional 
to the circumferences—that is, inversely proportional to the 
radii. If, for example, the large wheel A were ten times as 
great as c, and if A revolved once in a second, c will revolve 
ten times in a second. 

The wheel P, in Kg. 6 , ihus serves not only as a fly-wheel, 
but also for the purpose of inomsing the velocity of revolution, 
as it would be impossible by the action of the foot to (pve the 
work a velocity so great as is required for some kinds of work. 
It will be noticed titot there are three grooves on tho wheel F, 
and three qprresponding grooves in the wheel o. The magmi- 
tfides of these grooves ore so proporl^nod that tho same bond 
wUl apply to each pair, iflins, when the greatest speed is 
required for the work, the bond is placed upon tho largest 
groove on f and the smallest groove on O ; when a medium 
speed is required, tho band is placed upon the centre groove 
in each wheel; and when the lowest speed is required, the 
band is placed upon the smallest groove of f and the largest 
groove of a. 

As bands occur so often in machinery, and as wo shall havo 
occasion to refer to them subsequently in these lessons, it will 
be wdl to investigats the gene^ formula for determining tho 
proper length of tho band which sluXL be employed when we 


Honco tho length of the common tangent is expressed in terms 
of tho radii and of the distance between tho centres. 

To find the length of the part embracing tho oirole, it will bo 
ncccBsaty to compute tho angle b a c. 


Hence, by reference to a trigonometrical table, tho value of tiro 
angle B A c <ain bo found expressed in degrees. 

Since the arc of a oircle is proportional to the angle it sub¬ 
tends at the centre, tho length, b K H, must be to the whole oir- 
oumferenoo in tho proportion which tho angle subtended by 
B K H bears to four right angles. Tho angle subtended by u' E H 
is eqnol to four right angles, minus the angle B A K, and it is 
evident that the lino a c bisects the angle bah, and tliat, 
therefore, tho angle b A U is eqnal to double the angle B a c, 
which we have already determined. We have, therefore, the 
following proportion :— 

arc B E H : circumference i: 360S — 2 x B A C: 3008 ; 

U 

but the whole circumference is ^-B. ^ 

arcBEHw '- 7 ^ 

We can also find the length of the arc, d l K, upon the 
smaller oirole. 
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Angle sen ie tiqua} to the angle bac, eiaoe the line 
c B is parallel to a n, and therefore the are D BE is found by 
the following proportion:— 

44 

nre I>1K : y E': : 2 x BAC : 363; 


arc ELK = x 

383 


^■R>. 


Adding, therefore, these two lengths to double the length of 
the common tangent, the total length of the band becomes 
known. 

It is also easy from the same principles to ascertain the 
proper magnitude of the groores in tho wheels, in order that 
the same band shall be applicable to every pair. 

By moans of the band tho pulley o, on what is called tlio 
“mandril” of the lathe, is mado to turn rapidly: attached to 
tho mandril is a screw, k. This screw does not itself generally 
snpiKtrt the work: it bears what is called a “ chuck,” in which 
tho work is held. The chucks used are of very varied forms, 
depending upon tho character of tho work upon which the 
lathe is engaged. It may be said, in general, that a chuck is a 
means of conveniently attaching tlie work to the mandril, so 
as to make the work partake of tlic rotation of tho mandril. 
At the opposite end of tho bed of the lathe is a point, k ; this 
point is capable of being brought forward by a sorow tnmod 
by a handle, m : this point should lie exactly in tho prolonga¬ 
tion or tho axis of the mandril. Tho work is thus held socnrcly 
between the point and the chuck. Fur short pieces of work, 
hnwovor, the point is often found not to bo necessary; but 
when tho work has considerable length, it would be impossible 
without the )>oint to soouro it so firmly in tho chuck ttat tho 
application of the ciitting-tool should not cause it to swerve a 
little from the proper position. 

In ordinary tools, such as the saw, chisel, or piano, the work 
remains at rest while the tool is moved. In tho lathe, how¬ 
ever, it is tho work which is moved, while tho tool remains at 
rest. This is the case in tho more usual applications of the 
lathe, but oooasionnUy, particularly in ornamental turning, a 
movable tool is employo<l. This wo shall not delay to con¬ 
sider, as wo wish to treat principally of the practical applica¬ 
tions of the lathe, rather than of tho more fancy uses to which 
it is occasionally put. 

In the lathe shown in Fig. 0, tho tool is hold in the hands of 
the workman; the rest N is placed near tho work; and while 
the edge of the tool is in notion, tho sliank is held firmly upon 
the rest. Since the work revolves rapidly about on axis, it 
follows that when tho point of the tool is applied it mnst trace 
out an exact circle upon tho work ; and sinoo tho radius of this 
circle can bo of any magnitude, within reasonable limits, and 
also since tho tool can be moved along the work, it follous that 
any figure of revolution, as already defined, can bo produced by 
the lathe. 

One of the most important uses to which the lathe is aiiplied 
is the production of a perfect cylinder. The piston-rod of a 
largo marine engine, for example, should be as nearly as possible 
perfectly cylindrical, Tho insido of tho steam cylinder should 
also be perfectly uniform if leakage is to bo avoided. Now, 
to produce a cylinder with tho latlio wo have shown in Fig. C, 
or with a power-lathe adapted to tho magnitude of tho work, 
upon the same principle, is a work of no little difficulty, and 
demanding great skill on tho port of tho workman. It is ex- 
tromoly difficult, nay impossible, for the most skilled mechanic 
to hold and move his tool with such precision that tho figure ho 
pro&ees slmll not have a section slightly larger or smaller in 
some places than others, and tliua making his work deviate from 
tho tnily cylittdrioal form. To meet this difficulty tho slide- 
rest was devised, which, holding the tool wfth perfect stc:idi- 
ness, and moving it with perfect regnlarity, onablos tho lathe to 
turn out a profusion of perfect forms, with the minimuiri oiuoimt 
of skilled attendance. 

Tho aUde-reat is really an iron hand which holds tho tool and 
enables it to bo tamed towards tho work, or from it, or ntoved 
iftirallel to the bod of the latho, with facility and precision. 

The character of the slide-rest will bo understood from Fig. 
9, which represents the essential features in a diagrammatic 
manner, t is the tool. This tool is firmly attached to a small 
stage. A, by means of screws. The stage, a, is mounted upon 
a slide, b, and by means of the handle shown at H, and the 


Borew which is attached to it, and which works in a nut under¬ 
neath A, the stage A can be moved to the right or left. Just 
as the stage a is mounted upon the slide s, so the slide B is 
itself mounted upon the slide C, the serews at o and B being at 
right angles to each other. It follows, ther^ore, that, by 
properly turning the handles H and K, tho point of the toed 
can be placed in any required position in the plane, to which its 
movement is restricted. 

The slide c is itself fastened to tho bed of the lathe by a 
olamp, BO that it can bo seonred in any position that may be 
required. If the screw b be placed parallel to the axis of the 
lathe, then, by taming tho handle H, tho point of the tool will be 
moved in a lino parallel to tho axis of-the lathe, and wiU, there¬ 
fore, tom a perfect cylinder. By turning the handle E at the 
end of each cut, tlio point of tho tool may bo advanced so as to 
be ready to toko a fresh out. 

When the slide-rest hod been invented, it was (^natural step 
to make the latho self-acting, so that the tool should bo moved 
nniformly by tbe machine itself without tho aid of the work¬ 
man. This object is obtained by having a screw along the bed 
of tho lathe : the slide c, instead of being clamiKid to the bed, 
is atiauhod to a nut upon this sorow, so that when tho screw 
along the bed of tho lathe is made to revolve, the slide-rest is 
earned with a perfectly uniform motion. 

Wo shall ooneludu this account of tho lathe and slide-rest by 
a short description of tho principle of screw-cutting, which is 
one of the many important applications of tho latho. 

Tho principle of tho scrow-ontting lathe is shown in Fig. 10. 
A loading screw, a b, which should bo mode with extreme care, 
mns along the bed of the latho, and po-^'ses through a nut on the 
slido-rost c: tho screw rcooives motion from the pulley D, 
which carries tlio band from the fly-wheel or from a neighbour¬ 
ing shaft, if tho latho bo worked by steam power. i> is on the 
mandril of tho lathe, to which the work H, on which the screw 
is to be turned, is to be attached. Tlie motion is conveyed 
from the pulley » to tho screw a b, by tlie intervention of tho 
train of wheels, z, y, s, w. These wlioola are toothed, and 
upon thorn depends the pitch of the screw which is made. 
Lot us suppose that tho leading screw, A n. contains n threads 
to the inch, and that tbe numbers of teeth in the train of wheels 
are denoted by tho numbers x, T, z, w; we shall bo able to find 
tho number of threads produced on tho work. 

When A B has mode 7t revolutions, tho tool T will have been 
moved one inch, therefore tho number of revolutions that the 
work has ma^le will be the number of threads the screw traced 
upon it contains in tho inch. When the wheel w, which is fixed 
upon A B, has revolved n times, the wheel X has revolved 

W . 
tt times. 

S 

Tlio wheel v is on the same shaft tis x, and turns with it, there¬ 
fore T makes one revolution for each revolution of x, and z will 
make , 


revolutions for every revolution of t. Henoe it follows that for 
every n revolutions of a b tho work b will revolve 

W_. r 
X .'z 

times, and that, therefore, this will represent the nnmber of 
teeth to the inch on the screw which is produced. 

Suppose, for example, tbe leading screw hod two threads to 
an inch, and that wo have a series of wheels containing 10, 15, 
20 , etc., np to 100 teeth, and then by tens up to 200, it is easy 
tn select four which shall out a thread of any required pitch- 
H a screw of eight threads be required, wc have 

.'VfJ • '* 

xz’ 

or * = — — . ; 

XZ ' 

therefore W = 100, X = flO, T = 100, end ?! = 60 
will give one set of wheels, but numotous others would have 
answered equally well. 

Suppose a screw of fifteen threads to the inch bo required. 


8 = 3. 


W = :00, X ; 


= 

m 

2^ T = 00, Z - 


40 would answer. 
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A lonaR expenditure of isgenuit;' will enable trainB to be 
aeleoted wbioh eball produce screwe oontaimng no entire number 
per inch. For example, to produce a screw four inobea of 
which shall oontsin forty-fire teeth, wo hare— 


or 


•nrxr 


60 k_BO. 

4o'x a)* 


W at 50, T = 90, X at 40, Z = 20 will give the repaired rasult. 
Had the leading screw contained any other nnmbcr of threads 
to the inch the calonlations would ho equally cosy. 


VEGETABLE COMMERCIAL PRODUCTS. 

, XVIII. 

TAKNINO MATniMALS (continued). 

NuT-QAtiis if^BTcu* infeetoria ).—This tree abounds in Asia 
Minor. The galls are ezcroscenoos upon the young twigs, pro¬ 
duced by the punctures of an insect, a species of Cynips. The 
market is chiefly supplied from the ports of the Levant, whence 
they oco called Aleppo galls. They contain mnch tannin and 
gallic acid, and are largely employcsl both in tanning and dyeing. 
Wo receive nnt-gaUa from Turkey, Greece, the Ionian Islands, 
Hungary, and Sclavonia, viA Vienna, Trieste, Leghorn, Genoa, and 
Marseilles. One kind, colled the hioppcrn, is distinguished from 
the smooth gall-nnts by many angular and rough excrescences, 
as well os by liaving Ihu essential principles in greater strength. 

Divi-mvi (CoBsaljtinia corinria; natural order, Lcyuminosce). 
—^This tree is a native of the salt marshes of CuraQoa, Garths 
gena, and other places in South America. It furnishes in 
abundance a brown pod, about tho size of that of the pea, but 
curved into tho form of tho letter S. This pod is very oatrin- I 
gent, and therefore of great value iu tonuing. The Indian name, 
(Ivoi-divi, has boon adopted by out merchants. It is not used 
alone, but is generally mixed with oak-bark and volonia. In 
1851 more tiian 3,000 tons wore unporte<l. 

Catxchu (Acacia catechu; natnral order, Lcyuminosa ;).—A 
thorny tree; a native of Hindostan. Catuchn is procur^ by 
Cutting the wood into chips, boiling thorn, and then straining 
tlio liquor, and evaporating it until it assumes tho appearance 
and consistency of tar. This snbstunce hardens as it cools, is 
formed into small squares, dried in the sun, and is then fit for 
market. Catechu contains a large protiortion cf tannin. Packed 
in mats, it is sent to this country in luge quantities from India. 
Several varieties of it are known to merchants by the names of 
catechu, terra japonka, cutcb, and gambler. Dissolved in water, 
it tans skins very rapidly—one pound of catechu being equiva¬ 
lent to seven or eight ofroak bark; but tho leather is not so 
durable or good as that which is more slowly prepared from 
oak-bark. 

Betbl-N0T Palm (Arcca catechu, L.) grows in most parts of 
the East Indies. The trunk is straight and slender, and from 
forty to fifty foot in height; tlio fruit is about the size and 
sb^pe of a small egg, and the nut itself rather larger than a 
nutmeg, roundish-conical, and brown in colour. 

The botel-nut famisbes on astringent extract, which oon- 
stitutoB one or more varieties of the catechu qf commerce. But 
thd principal consumption of tho botel-nut is for chewing, in 
combination with the jiepper leaf of tho Chainca heiel and lime. 
For this purpose the nuts are divided into quarters, one of 
which, rollod in the pepper loaf and sprinkled with lime, forms 
the quantity generally used. This mixture gives a red tinge to 
the saliva, and seems to have some norcotio power. It is in 
general use as a masticatory amongst the natives of the East 
Indies, muoh the some as tobacco in other countries. 

On persons who axe nnaocustomed to chewing this prej^ra- 
ticfii it has a very unpleasant elfoct, for tho dmg causes giddi¬ 
ness and staggering, takes all the skin off the mouth and lips, 
and destroys for some time aU sense of taste. But when all 
this has been overcome—and it requires no little perseverance 
to accomplish it—the taste is said to be agreeable, while its use 
is'beneficial. Thus it is stated bySir James Emersem Tonnent, 
the author of a valuable work on Ceylon and tbo habits and 
customs of the Cingalese, that it famishes,these people, who 
ore not meat-eaters, with an antacid, tonic, and carminative 
which ore absolutely necessary to them to correct the effects of 
almrely vegetable diet. • 


PRACTICAL GEOMETRY APPLIED TO 
LINEAR DRAWING.—VIII. 

Tbs following figures are given to assist students in drawing 
pitch circles of wheels working in gear with each other, and 
will bo found most important in nuffleroas constructions whero 
curves are to touch each other or to merge out of straight linos. 
These, too, it will be found, liavo been and will bo further 
worked out in tbo lessons in Technical Drawing. i 

To draw a circle uf a given radius, n b, uihich thall touch 
loth sides of an angle, ABC (IMg. 71). 



Bisect the angle by the line u F. 

On either of tho linos of the angle erect a perpendicular equal 
to tho given radius d b— viz., d e. 

From I' draw a line parallel to B c, cutting the bisecting 
lino in o. 

From o. with the given radius, draw the circle, which will 
touch both tho lines of tho angle. 

To draw n cicelc ivkicli shall touch loth hues of an angle, 
and shall pass through a gieen point, V (Fig. 72). 



Ijct a It 0 bo tho given angle, and P the gjvcn point, through 
which the required circle is to pass. 

Bisect the angle A B c by the lino B D. 

From any ijoint in bd, as E, draw a circle, touching both 
lines forming the angle. 

From B drew a lino through P, cutting this cirolo in F. 

Join F to B, the centre of tho circle. 

From P draw a line parallel to P E, cutting tlio bisecting ijne 

B D in the point a. t?- <• v i t 

From <3 draw a lino perpendicular to a b (by Fig. 6, Vol. i., 
page«64)—viz., an. 

Then, with radius o H, .which will bo found to be equal to 
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e T, i^otibe 4 oirole vhiob vUl ioaob both lines foxming the 
eagle. 

To Aram a Msriet of circles to touch each other and two lines 
not parallel (Fig. 73). 

I^odnoe ab and cb antil they meet is x. 

Bisect the angle A x c by E d': 

Draw the first oirole at pleasure, and from its centre, x, draw 
a radius, x f, at right angles to BA. 

• From o draw o H perpondionlor to e d'. From H, with radius 
H a, describe an arc cutting E A in I. Draw a line at X, perpen- 
dioular to a e, 
cutting E d' in J. 

From J, with 
radius j i, de- 
Bcribo the nest 
oirole, cutting 
x d' in K. 

From K draw 
a line perpen- 
dionlat to e d', 
cutting x A in E, 

From E, with 
radius E x, de¬ 
scribe an arc 
cutting E A in u. 

Ftom M draw 
a line perpen¬ 
dicular to s A, 
cutting X X)' in H. 

From N, with 
radius n m, de¬ 
scribe a oirole 
touching K, and 
cutting E D' in o. 

From o draw 
OP perpendicular 
to ed'. 

From P, with 
radius p o, de- 
Boribo an arc cut¬ 
ting E A in Q. 

From q draw 
a line perpen¬ 
dicular to E A, 
cutting E d' in B. 

From a, with 
radius B q, de- 
soribo the next 
oirdo. 


From centres c* and c^, with radius c* o and B, describe 
arcs cutting each other in J. 

From 3 draw a line through o' to x. 

With radius j x, describe the enclosing oirde, which will 
touch cirales o' and c*. 

THE coHCHoro* (Fig. 75). 

The conchoid is a curve which always approabbes a straight 
line, but never reaches it, however far the curve and straight 
lino may bo produoed. 

The straight line AB is called the asymptote, OB the disn 
* meter, end P the 

pole. 

The asymptote 
AB, pole p, and 
diainoter 0 being 
given, draw c p 
at, right angles 
to AB. 

On eaoh side 
of D set off any 
number of eqnd 
parts, 1, 3, 8, 4, 
5, 6, 7. 

From p draw 
linos passing 
through these 
points. 

From 1, 2, 3, 
etc., with radina 
. DC, describe arcs 
cutting these 
linos in a, 5, c, d, 
etc., and through 
these intersec¬ 
tions trace the 
curve. The curve 
above the asymp¬ 
tote is oallod the 
superior oon- 
choid. By set¬ 
ting off the same 
lengths under the 
line the inferior 
conchoid is ob¬ 
tained. 

The conchoid 
has been used 
in exchitectnre 
in drawing the 



I^HSI 


Any number of cirdes may I 

be thus described. _ p. 

3b draw a circle <f a given 
radius, to touch two given 
circles, c* and c® (Fig. 74). 

Draw any radina in each cirde, C* D and c® d, and produce 
them. 

On these radii, beyond the cirdes, add to eaoh the rudins of 
the required oirdo—^viz., d e‘ and u E®. 

From o‘ with radius o' e', and from c» with radius c* e®, 
desoribe aros cutting cooh other in f. 

I^m W, with radius x d, dosoribo the required circle, which 
win tondh both oircloe. 

If the required oirde is to indude both circles, draw any 
radius in ea(A, as c' x,, c® xt 

Produce 1)0^ these radiL 

On the radina o', set off from e the radius of the required 
oirole—vis., to X, Dimimah this by the radios of cirde 2— 
viz., to o. ' 

On radius M o® set off E a —^vis., m h. 


11 slightly curved line whibh forms 

profile or eido of oolnmns, 
caU^ the entasis. 

THE OIBSOID. 

This figure is sometimes 
called the oissoid Of Diodes, from the name of its disooverer, 
who fionriahed abont a.d. 150. 

3b draw the cissoid (Fig. 76). 

Draw any line, ab, and c D perpendionlar to it. On OD de- 
Boribe n circle. From tbo extremity d df the diame^, draw 
any number of lines at any distanoo apart, passing tiiro^Jx i 
oirole, and meeting the line A B in o, 5, c, d, e,f, g, h, and <. 

Take the length from i to 2, and set it off on the some line 
on eodi side from D—vis., to d', d'. 

Sot off the length h 8 from D—viz., pdnts x, x. 

Sot off the longfth g 7 from D—viz., points », r. 

Proceed thns with all the lines, and trace the doable omrve 
through d'd', e x, f f, a o, h b, i i, j r, e x, etc. 

* oonchold wot inventod by Kloomsdos about as. 450. 
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Walter iialeigU atul other younj' men of fashion grave H every 
eccoaxagemont, by smoking tbomablrea, and tlfo habit was soon 
acquired by the English, us it had previously been by the 
Spaniards, the first method of imbibing the fumes being by 
means of a wahiul-sheU and a straw. The tol)auco plant ap¬ 
pears to thrive in all part.-* of the world in warm climates, and 
is now cultivated almost everywhere. The practice of smoking 
lias become almost nnivcrsul, both amongst savage and civilised 
nations ; for no habit is more easily acqnii-ed or more diiiicnlt 
to relinquish than the use of this weed; hence its rapid progress 
amongst nations, in sxnte of all tho efforts of their rulers at 

X>rohlbition. The priests and 
sultans of Turkey and Persia 
declared smoking to be a sin 
against their holy religion ; yet 
tho Turks and Persians be¬ 
came the greatest smokers in 
tho world. Pope Urban VIIJ. 
fulminated a bull against tho 
uso of tobacco, but tho ana¬ 
thema fell to the ground. In 
liussia the smoker was threat¬ 
ened with tho knout for tho 
first olTcuco, and with death 
for tho second; yet Uio Ilns- 
sians are now constantly with 
pipes in their months. In our 
own country James I. wrote a 
book against it, called “ A 
Counterblasto to Tobacco;” 
but instead of checking, it 
rather tended to promote the 
spread of tho habit among his 
subjects. 

Tobacco is manufactured in 
various forms to fit it for 
smoking, chewing, or snuff¬ 
ing, and tho annual consump¬ 
tion in these different forms is 
so enormous that no estimate 
can be made of the quantity. 
In 1868 tho imports into the 
United Kingdom amounted to 
to,016,582 pounds of nnmonn- 
facturud tobacco, and 3,051,308 
pounds of manufacturod to¬ 
bacco, cigars, and snuffs; and 
some other nations are more 
addicted to the use of tobacco 
than ourselves. 

After tho jilants have done 
blooming they are cut down 
and hung up to dry on poles ; 
tho leaves are then stripped 
from tliu stems, sorted, packed 
in bores or casks, and shippied. 
On arriving in this country 
the leaves are taken out of 
tho casks, and when their 
midribs have been removed, 
arc spread on tho floor and 
moistened with water. This 
is all tliat English manufac¬ 
turers are allowed to do; on tho Continent salt and sugar 
are added. Tho leaves arc then compressed into dense cake 
and cut with a machine; and the cut tobacco, shaken uut and 
aftorwurds steamed, is called, according to tho leaf used, 
Virginia shag, Maryland returns, otc. In Bird's-nje tobacco 
tho midrib i.s allowed to remain in tho loaf, and forms thoso 
little white bite which have given it its fanciful name. Tho 
dried leaves, moistened with sugar and water, and pressed into 
cakes, form Cavendish and Kegrnhead, used for chewing and 
smoking. Tho same leaves moistened with sugar and water, 
beaten until soft, and then twisted into a sort of string, con¬ 
stitute Pig-tail. Tho leaves and atalks ground to powder and 
roosted form snuff, which is variously scented to suit tho 
different olfactory tastes of onstomere. Cigars are only tho 
dried leaves deprived of their midribs and wound into a sort of 
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XIX. 


FOK THKIB NABCOTIb AND 
T£X USEFUL AS BEMEDIAI, 


TIU. PLANTS BEMABKABLB 
FOtspNOUS FBOPEUTIKB, 

AGENTS. 

Opium {Papauer somnifenan, L. ; natural order, Pnpave- 
rocemj.-r-Tho poppy is an annual plant growing from two to four 
foot Idgh, having flowers with two sepals and four white petals, 

* with a violet spot at tho base of each petal. Stamens numerous; 
pistil, a globular ovary or capsule, surmounted by a radiated 
stigma, containing i>artial dis- 
sepimente and numerous seeds. 

Tho opium poppy is a native 
of Persia, and jirobably also of 
the Boufli of Europe and Asia 
minor. It is largely cultivated 
in those couiftries, and also in 
Egypt, Arabia, and British 
India, for tho sake of its 
opium. Dr. Joseph Hooker 
thus doscribos this process ;— 

“The capsules aro sliced in 
February and March with a 
little instrument like a saw, 
made of three serrated plates 
tied together. From the in- 
cisiouB made by this instru¬ 
ment tho opium ooacs out as 
a milky juice, which os it drioa 
beoomoB a soft brown sticky 
paste; caoh morning this xsisto 
is scraped off by moans of 
email shells, and ooileetod into 
jars, the ooutoiits of which ore 
afterwards mode into balls of 
about half a pound weight; 
these aro often coated with tho 
seeds of somo spocios of Il/iaum 
or rhnbarb plant. Tho balls 
are packed into chests, and 
exported to other countries.” 

Opium is produced in largo 
quontitieB in India for con¬ 
sumption in Chum, on account 
of the great sole there, in spite 
of all prohibitions. Eastern 
nations generally ar» very fond 
of opium, which they smoke 
with their tobacco, or alone, 
and take in tho form of pills. 

With ns, it is much used u 
medicine as an anodyne, espe¬ 
cially in the well-known pre¬ 
paration called laudanum. 

In 1852 fifty-one tons of 
opium were imported into tho 
United Kingdom, principally 
from the East Indies and 
Turkey. Turkey opium is con- 
sidored to bo tho best, espo- 
oially that whioh comes from 
Emyma. 

Tobacco (Nieotiana Tabaeum, L.; natural order, Hulanacem)., 
—Tho tobaeoo plant is an annual, growing six feet high, having 
alternate, oblong, lanceolate, sessile leaves, and dingy rod, 
funnel-shaped flowers. Tho loaves are viscid and pubescent, 
and are the parts asod in tho manufaeturo of tho tobacco. 

The tobaeoo plant is indigenous to tho worm parte of America, 
and was unknown in the Old World before the discovery of thdt 
wntiueni. It was first brought to tho ilotioe of the Siianiords 
in the year 1492, when Colnmbns and his oompanioua saw 
the natives of Cuba smoking cigam. It was introduced into 
^ Englwd In 1686 by Sir Francis Dr^o, from Virginia, whore an 
E n g lish colony had remained for a year. Tho colonists aro said 
to have brought tobacco with them on ^eir return, .and to have 
introdnoed into this country the praotieo of tobaceo-smoking, 
as it was at first called, tobaoooafnnkittji or sucking. Sir 
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gpindls farm; oherootfi axe a variety of cigar, cat BtraigM at 
each end, cylindrical, and tappringr broader at one end than the 
other; cigarettes arc maclo by rolling up a email quantity of 
ont t<d>aoco in a piece of paper (the leafy covering of the Indian 
oon) is preferred), tlioy are then smoked the same as cigars, 
bnt nsually by moderate smokers. 

There are nnmorons varieties of tobacco found in commorco. 
The principal sorts are— 

North American tobacco, chiefly from the states of Virginia, 
MBrylond, and Kentucky; but now, Tennessee, North Carolina, 
Louisiana, and Missouri also produce tobacco. ITsuolly imported 
in hogsheads in the loaf, hence called loaf-tobacoo. 

Soath American tobacco, which is received in the form of 
cylindrical rolls two feet in length and one foot in diameter, 
nuido by rolling or twisting the tobacco loaves into a kind of 
rope about an inch or moro in diaiucler, and then coiled np 
into these cylindrical rolls os the most compact and eonvoniont 
form for transportation. We H'ceive supplies from the Orinoco, 
Porto Bico, and from Maracaibo,' and other South American 
ports. Boll tobacco is sent over in baskets made of twisted 
cone, called canastras. A considerable quantity of South 

American tobacco comes from 
the Brazils, both in tho leaf 
and roll form. 

Tlio tobacco of Cuba is 
oonsLdorod to bo tho finest 
in tho world: Havana tobacco 
makes tho best cigars. 

Asiutic tobacco. —Asia pro¬ 
duces good tobacco, but 
mostly for her own con¬ 
sumption. Tho lOuropcan 
niiirkot, however, gel-s the 
I’crsiriii or Hliiruz, which is 
much esteemed. Tobacco is 
also received from tho Spanish 
island of ManUla in tho shape 
of fine cigars, which are 
manufactured there, and then 
exported. A little tobacco is 
sent from India, Ceylon, Java, 
and Sumatra. From Turkey, 
Latakia tobacco is imported, 
which oonsiets of not OTily tho 
leaf, but also tho flowers and 
buds of the plant; it is so 
called after tho Turkish pro¬ 
vince of Latakia (tho auciont 
Antioch), where it is grown. 

TOBACCO Bxosson. Somo considerable trade is 

cjirried on in tho south of 
Europo with this tobaooo, which is excellent and mild. 

Nvx Vomica (Strychnos mue vomica, Ij.; natural order, 
Loganiacew). —A medium-sized tree, with opposite, ovate, stalked, 
throe to five-nerved, smooth, shining loaves, and greouish-white 
flowers ; a native of the East Indies, very common on tho coast 
of Coromandel. The fruit is a globular berry, about the size of 
on orange, and with a smooth, hard, yellow rind, ooutaiumg 
five seeds embedded in tho pulp. These seeds are circular, 
flattened, rather less than an inch in diameter, slightly concave, 
silky in ap)>caranco, and fawn-colourod, or light drab in colour. 

Strychnine, tho most onergeido poison known, is procured 
from tlie bruised seeds of the n-uf) vomica, which are imported 
from Coromandel and Ceylon. It is sometimes cinployed in 
oases of paralysis, and is much used as a poison for rats and 
mioe. Tho annual imports nqw average about 250 tons. 

IZ. MlSCEUJINSOns MGDICINAI, PKODUCTS. 

AiiObs Soeotrina, Tournef.; natural order, Inlutce<e ).— 
This drag is the bitter, resinous, inspissated or thickened juice 
whioh is obtained from the loaves of various speoios of arbo- 
roBoent aloes growing in tropical climates. The species behmg 
to the lily foauif, and have very largo snconlent leaves. Tho 
leaves are out off tslose io the stem, and so placed that the juice 
is drained fn»a tiiem into tubs; tMs juice is ihen boiled until 
it acquires tho oomdateqGe of honey, and pouted into gourds or 
ealabasbes, n)im it bardana into a black oompaot substanse, I 
haviag ah atopwtio smcH anffna an w esdi n gly bitter tute. I 


There axe four principal variutics of aloes iu oommeroe:— 
1. Socotrine Aloes, the best, produaod by tho above-named 
spooioSj and so called from the island of Sneotra, oil tlm south 
coast of Arabia, in the Indian Ocean. 2. ^mrttadocs Aloes —qf 
a very fine quality, produced by Aloe vulgaris, whioh is in¬ 
digenous to the English island of Baxbadoes, and also to Jamaioa, 
Arabia, and the east coast of Africa. Tho Barbadoos aloes is 
imxKxrted from Baxbadoes or Jamaica, usually in gourds weigh¬ 
ing from sixty to seventy pounds, bnt sometimes iu boxes 
holding about half a hundredweight. 3. Cape Aloes-—very in -1 
ferior, which is the product of Aloe spieata: raised in large 
quantities at tho Cape of Good Hope, and brought over in 
chests and skins, tho latter being prefciTod. 4. OabaUine or 
Horse Aloes. This is the poorest kind; it is generally the 
refuse of tho Barbodoes aloes, and, from its very rank and fetid 
smoll, can only bo used in veterinary modiciuo. " 

In 1863 wo imported 312 tons of aloes, valued at about 
.£25,685. 

LiqtroBiCB (Qlycyrrhiza glabra, L.; natural order, Legumi- 
nosae). — This is a perennial plant, having long yellow fibrous 
roots running deeply into tho ground, with an herbaceous stem 
four to five foot in height, and alternate pinnate loaves; flowers 
bine, papUionacoous, disposed in axillary spikes. Liquorice is 
a native of Italy, Spain, Sicily, and tho southern ports of 
Europe; but it has been succossfnlly cultivated in England, oven 
from the reign of Queen Elizabeth, especially at Pontefract in 
Yorkshire, and Mitcham in Surrey. 'Jlie greatest portion of 
our supplies of that extract of the root whioh forms tho common 
liquoriuo of the shops, is obtained from tho Spanish provinocB 
of Arragon, Catalonia, and Valencia. The juice, procured from 
tho root by compression in a mill, is boiled slowly until it be¬ 
comes of the proper consistonco, and is then mode into sticks or 
bars from six to eight inches long, whioh are usually covered 
with bay loaves, and imported under tho name of Spanish juice. 
Liquorice in tho form, of paste, or of tho root itself, is in common 
uso os an emollient in catarrh or cough; the root is also much 
used by brewers in the manufacture of porter. About 560 tons 
of tho root and paste are annually imported. 

Ifeoacuamha (Oephali.<i ipecacuanha, Bich. ; natural order, 
Cinchonaceo’). —This is a perennial plant growing in Brazil, 
about flvo or six inches high. The roots arc several inches 
long, contorted, greyish brown, annulatod, and about tho thiok- 
nosH of a gooso quill. The root of this plant ofiords a very im¬ 
portant emetic medicine. It is imported from Bio Janeiro in 
bales, barrels, and bags. 

BnuBABU (Kheum palmaiwm ; natural order, Pohjgonaccce). 
—^Tho weE-known purgative is the root of different speoies of 
Ulicam growing iu Tartaiy and other ports of Asia. There are 
two sorts—viz., Bussian or Turkey rhubarb, which is brought 
by the Chinese to Kiaohta, and there cleaned and sent on to 
Moscow and St. Petcrsblurg; and the East Indian or Chinese 
rhubarb, which is shipped from Canton to Europe.* There are 
several other varieties iu tho market, bnt tho above are fho 
most generally employed in this oonntiy. Wo import annually 
about 140 tons. . 

JaTiAP (Hxogemium parga; natural order, Convolvutaeem ).— 
This v-alimblo purgative medicine derives its name from Xalafxa 
iu Mexico, where it is very abundant. It is a handsome elimb- 
ing convolvnlaceons plant with delicate pink flowers and a tnbe- 
roso root. Tho tubers, varying in size from a wahiut to an 
orange, are dork umber-brown in ooleur, and mnoh wrinkled- 
Tlipy nxe imported eitW whole or sliced; and wo receive from 
Mexico about 150 tons per annum. 

. CahomiIiG (Anthemis nohilis, L. ; natural order, Con^- 
sit<r ).—^This is,, a weU-knowu patennial plant, not uufroqnont 
on dry, gravelly, or sandy heaths, and in tho postares of this 
rnnntiy. The whole plant is intensely bitter, and an infasion. 
of its flowers has long been esteemed as a tonic and stomachic^ 
and used as an ingredient in fomentationB. This plant is 
cultivated in England, and the flowers sold by druggists are the 
produce of the cultivated variety. Camomile flowers are alee 
largely imported from Franoo, Holland, and Germany. 

SabsapasiIiIA {SmUax o/^cinaUs ; natnisl order, Smilacees). 
—The rhizome of this plant is cylindtioail, and the roots (the 
sarsaparilla of commeroe), abounding mote or less in stareh, ’ 
are as mnoh tm ion feet Iwg. It grows pn the slopes of the 
mountains, end is confined to Sout^ Ametioo, sriiere it ranges 
tom 20“ N. to 60° S. lititiide. Jamaioa, whenc^ so 
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■anaparilla ia exported) doea not tu^dnoeany i'thearticledaiown 
as Jamoioa aarsaparilla is merely exported from the Spanish main 
for ro-shipment. '‘Sarsaparilla is imported in balee, and is known 
in the market as Lisbon or Brazilian, Hondnras, and Jamaica 
or red sarsapsiilla, of which the last is the most preferred. 
The imports in 1853 were 334,857 potinds. 

Sarsaparilla is now regarded as a powerful alterative medicine 
in oases of physical debility. Its usofulness is daily manifested 
in the public hospitals, in oases of broken-down constitutions, 
BO common to the class of patients by whom those establish¬ 
ments aro frequented. It is chiefly need in rheumatic and 
entaneouB diseases. A conoentrated liquid extract and a syrup 
are now' prepared, which are the boat forms under wliich it can 
be taken. 

order, Lcguiniii-osw ).— 
The senna of tlie sliops 
consists of the leaflets 
of different species of 
Cussia, such ns the 
one above, and also C. 
oi’iovalii, C. acvtifnlin, 
C. ulongata, and ('. 
Mhiopica - all small 
shrubs with simjile ab¬ 
ruptly pinnate leaves, 
and yellow flowers, 
growing in tropical 
Asia and Africa. True 
senna leaves may be 
recognised by thch ob- ! 
liqnc lower edges, and 
the inequality of their 
insertion into the foot¬ 
stalk ; their odour ia 
very faint, but pecu¬ 
liar; andtlieir taste is 
Bweclish and nauseous. 
The following varietios 
are met witli in com¬ 
merce :— 

1. Alexandrian 
Benna, or the, leaves 
of Cassia Uhice'daia 
and C. obovafa. These | 
plants grow in Upper 1 
I^frypt and Arabia. 
The harvest oom- 
monces in ijoptombor. 
The branches of the 
shrub arecnt,oollactcd 
into bundles, dried in 
the sun, and then 
threshed until the 
leavc-s aro separated 
from them. I'liis pro¬ 
cess breaks the 
branches, and the loaves thus become mixed with portions of 
twigs. The sonnu leaves so obtained aro then put into sacks 
and conveyed to the Nile, and carried down the river to Cairo 
and Alexandria. There they are unpacked, sorted, and re¬ 
packed in large bales, and aro then ready for the market. 

2. Ji'axl Indian or Tinnivelly Smnn, the product of Cassia 
elougata, indigenous to Arabia and Africa, now cultivated in 
India, consists of long, thin, unbroken loaves of a ycllonish- 
green colour. When good, it is fully oi|ual to tbo Alexandrian 

3. Tripoli Henna, the product of Cassia ^ihiopira; not hold 
in much estimation. • 

X. JIISCEniiA'NKOITB PnASTTH OP COKMKRCTAl, VALUE. 

VaOteTABM Ivonv —Cosozo TlfrrB (Phyfelephas maerora/rpa; 
natural order, PhylelephanfecBj ,—The Phyieleplias, twenty foot 
in height, resembles a dwarf palm, with a mujestiu tuft of pin- 
I Bate leaves'; it is a native of the low valleys of South America 
between 9® N^.and 8® S. latitude, and between 70® and 79® W. 
longitndc. Its nuts are enclosed in a large capsule abont i3he size 
of ^man’s head, and, owing to the procumbent habit of the stem, 
often rest on ^e ground. The albnmon^f the nut is “ at first 
B dear insipidwith which travelle^^ allay their thirst t 


afterwords this same liquor becomM milky and sweet,” consoli¬ 
dating by degrees till it becomes as white and hstd as ivory. 
The nats themselves, under the name of Corozo nuts, aro im¬ 
ported in large quantities, being used by turners in making a 
vast variety of trinkets and articles to imitate ivory. About 
80,000 of these nuts were imjiortGd in 1852. 

Tonqdin Bean {Pipierir odorata; natural order, Legn- 
minos<r ),—The seeds of the Tongo tree, a native of Oniaiui, aiy 
the well-known Tonqnin boons used to scent snuff. 


OBJECT DBA WING.—II. 

In the last lesson wo gave Iho plan.s of throe blocks, placed in 
different positions in relation to the spectator. Wo now pro¬ 
pose to show the method of drawing them. 

Pig. 4.—First draw tlie square a b ef, representing the end rf 
the object, which you will remember is vertical, and parallel to 
the edge of the table; and you must bear in mind also that yon 
are to sit so that your ohest is parallel with the table as well. 

When yon have decided as t(j the height of your eyo in rela¬ 
tion to tho model, draw a horizontal line across your i>apur 
which shall have the same height in proportion to the sgunro 
you have dr.awn as the real height of your eye has to tho model; 
that i.s, supposing you see that your eye is three times tMb 
height of the model above its surface, then draw tho horizontal 
line at three times the length of n/ahovot’/. In tho illustra¬ 
tion a difforont height is taken, tho purpose being to causo the 
stndcrit to IIS'! Ids oini Judgnienl instead of merely copying tho 
drawing. The line ii i, is thus the horizontal line. 

Now, on referring to tho plan given in the last lesson, yon 
will see, that supposing a sheet of gloss (tho surface on which 
wo draw being supposed transparent) to stand on l> e, then tho 
line 6 f of tho model (Fig. 3 [1]) would bo at right angles to it; 
and it has already been shown that in drawing, all such linos 
should converge to tho point of sight. 

Therefore from b (h'ig. 4) draw u lino to rs, and as all tho 
long edges of the model aro panallol, tbo same rule would affect, 
them ••qually ; therefore draw lines from c and / to tho point of 
sight. 

I’ortions of those ooiivcrgont lines will, as you can easily 
nnduratund, form tho edges of tho solid, and you must terminate 
them by the perpendicular g h and the horizontal hi. 

For 'reasons already mentioned, it is not intended to give in 
this place any rules for obtaining tho distanco of g h from b e. 
Yon must accustom yourself in object drawing to use your judg¬ 
ment, and you will, with but very little praeticc, be able to 
form a tolerably just, idea of tbo distance ; for you will see that 
if the lines had bi'oa drawn at cither of the places indicated by 
dots, tho object would, in Uie one case, appear merely as a fiat 
piece of wood, whilst in others a balk of timber would be ropro- 
sejitod. 

Tho pl.an (Fig. 3 [2]) of the next figure will show yon that in 
this figure the length of the block is parallcMo the pieture- 
Jilane, llie narrow' edges i-oceding. To begin ibis i-epresentation 
(Fig. .5), draw the rectangle hr h g, hg being donble he. 

Now yon will at once ijorccivo that, as the block is imme¬ 
diately in front of yon, you would not see cither its left or right 
side, but only tho top. Ou referring to i.)io lost view, you will 
ho reminded that the ends a h, whie.li in that case were parallel 
to the picturi-. aio now at riglit Rngles to it. Tlicreforo from e 
and h dr.iw lines to the ix.int of sight, tlien tho lino/i parallel 
to f h will com]ileto tho top, and the figure will tlms show tho 
front and toji only. 

Now jiroceed to skideh Fig. C, which is tlie view of the hlook 
when standing on its end ou yonr right side. Here, agmn, as 
the face is parallel to tho picture, the front consists of tin* rent- 
angle h eh g. Having eoiup'etcd this, draw lines from e and h 
to tho point of ML'ht. Then the perpendicular/i will eompleto 
tho view, which will consist of front and side only; for as the 
end h g is biirher than the horizontal lino, you would not bo able 
to see tho tip. Of course, yon will understand thiit all the 
blocks ueod not necessarily bo tho same size—in fact, as you 
are planing yolir height at three times that of the square end, 
it will be necessary that this last one should bo longer than tho 
othornf for ns tho length of tho two already drawn is only twice 
their width, tho end would still bo below the horizontal line; • 
but, as already stated, whatever may be the proportions of tho 
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objecta, and wbatoTir the height of the spectator, the principles 
hero laid down will ttpj)l.y, and a Teiy small amount of practice, 
guided by patient and intelligent observation, and urged on by 
the dosire to loam, will soon enable yon to jndgo whether your 
drawing truly roprosonts the object os you see it. 

I-ig.? shows the mode of drawing a cubo or other rectangular 


the oyaxof the epeotator (Bat>ported or suspObded by means nOt 
shown in tho drawing). It will be evident that, las , the long 
edges of the plank are at right angles to the end, they will ran 
dirootly from it into the distance, and must thoratore bo drown 
to tho point of sight, the lines forming the distant end being 
parallel to those seen in tho front. 



object when it is alwolnloly on a level with your eye, so that [ Fig. 9.—This object consists of four pieces of wood mitred 
you do not see cither the top or bottom of it; but ns it is on ; togetter so as to form a piece of framing, or tho sides of a 
your loft hand you can see its right side. Of ooiirse, if it were j sh^ow box. 

placed immediately opposite to your eye—namely, in front of ; Here, again, the side abed which is parallel to the front is 
tho point of 8i(d»t, you Would only sec the front, but neither top, j to be drawn of its proper dimnnainna, and this bomg 
boMom, nor aides. ^ j are to be drawn from each of tiie angles to the point of sight. 

Jpg- ^The objeot bore represented is a plank, the end of j The lines cf ajid/g will thmi complete the general view of the 
which is ^allel to tho |tiotute<plane, and the length at right; object as it would appear if it •irete a solid Uook. 
angles to it—the whole object being placed above the levpl of ‘ ^ It is neoesBary here to eaU your partionlar oidbatfioa to this 
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plan of drawing tko general ontilna of theiwliole objoot boforo 
attempting<ifhe detail. 

, It must be evident that the entire of the interior lines, and 
all the detail, mast depend upon the outline of the object as a 
lohole, and theaeforc this aystem is impressed upon yon. 

The under surface of this slab, then, although in reality a 
S(pt®rc, will in your drawing be represented by the irrcgnlar 
four-sided figure cdf g. 

Draw tlio diagonals ef and d g. 

Now from c and d mark off on the line c d the distannos c h 
and d i, equal to the thickness of tho pieces of wood of which 
the object is made, and from those points, li and i, draw linos 
to tho point cf sight. 

Tho line drawn from h will out tho diagonals in j and m, and 
the line drawn from i will cut tho diagonaJs in k and 1. 

Draw a lino from j to 1c, and another from m to I ; strengthen 
the lines j m ifnd k I; thon tho figure j k I m will represent tho 
inner square or inner odgo of tho wood of which tiic fmining is 
formed. 

Tho perpendicular at ni represents tlie vertical junction of 
the inner sides of tho framing. This completes the sketch, 
which may now bo “ lined in ”—tliat is, nearly rubbed out, and 
the lines repeated in a clear and decided manner, remembering 
that in object dravrlng you ought not to nso either rules or 
compasses. 

Fig. 10 is a view cf tho samo object when placed vortionlly 
and on your right-band hide. 

Tho same Icttoring has been retained, and this will guide yon 
in Kketebirig the frame up to tho stage shown in tho last figure ; 
but tho prosmit study is an ailvanco on tho previous one, for 
this is so placed that you oan son through it; and it is thoreforo 
necessary to find tho width of the distant side, which, although 
known to bo tho samo as the near one, will of conrso appear 
diminished by its being removed from the front of the picture. 

From h draw hn, which is of course the real width of tho 
side, and from n draw a lino to tho point-of sight. 

Now from «t draw a horizontal lino whicli will cut this last 
lino in o; then «J. i» represents tho length of k n whun thiw far 
removed from tho piano of the picture. 

Draw the perpendicular np; strengthen as mnoh of « o as is 
visible, and the sketeh of tho object will then bo complotod. 


SEATS OP INDUSTRY.—X. 

BELFAST. 

BT WILLIAM WATT WBBSTEK. 

Belfast, the capital of Ulster, tho chief centre of cominorco 
and industry in Ireland, and tho motropolis of the linen trade 
and manufactures of the Unitod Kingdom, is a town <>f nom- 
parativoly modem origin, situated at the point whore llie river 
Lagan discharges its waters into Belfast Lough, or CaiTiekforgus 
B^, about twelve miles from tho Irish Sea, and a hundred miles 
from Dublin. The name Belfast is said to bo a eorrni)tion of 
Baltt-fearsad — i.e., tho town at tho month of tho river; but it 
need hardly be stated that this doriration is disputed, and that 
a variety of others have boon suggested. The ground on which 
Bolfost is built was roolaimed from the sea, and tho greater 
portion of it does not stand more than six foot above tho high- 
water mark. Owing to this oanso it is occasionally visited by 
inundations and opidoihics, but otherwise it is not Ly any moans 
an unhealthy town, and in many respoets it is most ativanta- 
gomsly placed. Belfast Longh is a capacious bay, twelve 
miles in length and five miles broad at tbo cntrani^e, affording 
safo anuborago for vessels of the largest size; whilr in the Prsil 
of Gurmoyle, four ntiies from Belfast, loaded ships float safely 
within a short distance of dry land. This estuary is proteetnd 
from the .westerly winds, which aro tho most frequent in that 
quarter, by a fine range of hills to tho west, some of which are 
upwards of 1,000 foot high, and by tho mountain of Divis to tho 
north-west,'which rises 1,507 foot above tho level ef tbo soa. 
The Irodward environment of Belfast is, indeed, escoednigly 
beautiful and piclurosque. The northern shores of tho bay are 
s^iudded with elegant villas, and on an elevation to the south 
stands the aristocratic suburb of lHalono, while tho whole 
Mighbourhood of the town is adorned fvith pleasing residences 
and pretty villt^s. From the fiatuese of the site the general 


aspect of Belfast, as seen from a distance, is not striking; but 
it contains many brood, straight, well-pavod and woli-lighted 
streets, and a large number of t^tefol and expensive private 
mansions and public buildings. The mercantile quarter of tho 
town lies on and near tho quays that extend for about a mile 
below Queen's Bridge, which connects Belfast with tho suburb 
of Ballyraoccarrott, iii tho county of Down. Tho manufactories 
are chiefly situated on the rising grounds on tho north and west 
sides of tho town. Belfast can boast of a largo nnmber 8f 
excellent educational iiislitnUons and facilities, among which 
may bo mentioned Queen’s tiollogc, a pioturosquo pile of brick 
and stone in the Tudor style, opened in 184a; tho Botanical 
Gardens, adjoining tho College grounds; a Mnsonm; the Boyal 
Academical Institution, founded in 1810, whioh possesses a 
collegiate character, supporting professors in all branches of 
science, clussics, and general literature; and the Belfast 
Academy, which at ono time had a high elussical reputation. 
Tho most celobratod public edifices uj'e Iho White liincn Hall 
in Donegal Square, built in 1785, and the Commercial Bnild- 
ings, an extensive block of houses at tho sonth end of Donegal 
Street, crecioJ in 1822, comprising a hotel, a news-room, an 
assembly-room (also used as an exchange), and various descrip¬ 
tions of offices. 

Nothing is known regarding Belfast earlier than the twelfth 
century, at wiiich duto there appears to hare existed a fortified 
station near tho mouth of tho Logan. For a long period tho 
town consisted of a few houses, n church, and a castle. Before 
tho bcgiuuing of tho fourteenth century, however, tho place 
must have grown to considerable dimensions, and beenmo of no 
small importaiiee, for in l.'llfi tho town and castle of Belfast 
wore attai-ked and destroyed by Edward Bruce, and nearly two 
centimes clap.scd before they came ag’ain into possession of tho 
English. In tho time of Henry VIII., Hugh MacNial Ogo 
obtained a grant of tho town and castio on certain conditions, 
which cither ho or his successors failing to fulfil, they revertssd 
to the Crown. ltunilol]ihu8 lAinc occnjiiod tho castle daring 
the earlier part of the reign of Qneen Elizabeth, but later on 
that sovereign appears to have conferred tho castle and lands 
on Sir Thomas Smith, ho undertaking to maintain a troop of 
liorso and a oomiiany of fool for her Majesty’s nso, and to 
answer tho royal summons when called upon. About tho year 
1604 Smith violated tho conditions of tho grant, and tho reign- 
ing sovereign, James I., bestowed tho castlo and lands on Sir 
Arthur ChieliestcT, tho Isird Deputy, whoso descendants con- 
tinno to enjoy tho lordship. Belfast increased rapidly after 
this transfer, and in tho fifth year of tho samo king it obtained 
a charter of incorporation, which was renewod by James II., 
erecting it into a municipal and parliamentary borough, with 
the franchiso ve: ted in a sovereign or mayor, twelve burgesses, 
and a comnnnialty, and with tho privilege of sending two 
members to the Irish Parliament. About this time many 
Scotch and English families were settled in tho town and neigh¬ 
bourhood, in connection with the project of James L for the 
formation of an Englisti plantation in Ulster; and on the 
abolition of the port monopolies of Carrickfergus, in 1637, 
Bolfast became the principal commercial depflt of tho Planta¬ 
tion, and the scut of Iho Custom House. “At that era,” says 
a writer in Uie “Encyclopedia Britannica,” “commoncod the 
first signs of tho f .iluro progress of Belfast, llie groat influence 
exerted by this infusion of new blood into ttio district is attested 
at tho present time by the persistency of tho lowland Sedteh 
dialect and ncconi.. tlM> prcvnleneo of the Presbyterian reli¬ 
gion, and tho physical characteristics of tho people, no less 
than by their commercial activity, industry, and entoTpriso.” 
Tho progress of the town was suspended during the civil war, 
tho inhabitants having first espoused tho canso of the Parlia¬ 
ment and afterwai'ds that of tho King. It was the expres¬ 
sion of the feelings with which tho Presbyterians of Bolfast 
regarded tho oxei-ulion of Charles I., that drew upon th(> town 
tho sarcasm of .lolin Milton, who, it will bo roniemborcd. said, 
“Presbyter is but old Priest writ largo.” 'ITie secretary of 
Cromwell, in his “Observations upon tho Articles of I’eaca with 
the Irish llehels, etc.,’’ dated 1649, descrdieJ Belfast os “ a 
small town in Ulster,” “a barbarous nook in freland,” and “a 
place better known by the name of a late barony than by tho 
famg of these nion’s doctrinos or ceelosimtical deeds, whoso 
bhsourity till now never came to our hearing.” ITio zeal of tho 
inhabitants of Belfast for the cause of civil and Tel|giou8 liberty 
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lad them to gapport tho Priiion of Orang’e agalnat Jamoa II., and 
to proolaim him king, and tlieirdeoiaivo action at ihia crisis was 
dnl; rewarded. 'William visit(i<l the town in Juno, M>60, shortly 
before the march to the Boyao, and srt h^hly p-atified was he 
with his reception, that he g^rautod per aimam from 

the State coffers to tho Pro.4byterian Synod of Ulster. This 
grant, afterwards • increased and colled tlic lieyium Donum, 
was ordered to ccoise in ltiti9. After the Act of Union the 
Omuicipal guvornmont of Belfast was modified by the addition 
of police and life commissionors to the former corporation, and 
this constitution cuntinnod till tlte passinf; of the Municipal 
Beform Act in 1841, when the present curiioration, consisting 
of a mayor, ton aldermen, and thirty tpwn-coiincillors, was 
institatud. From the time of the Union till tho Boform Bill of 
1832, Belfast roturned ojio nioinbor to tho Imperial I’luiiamont, 
but by that Act the borough ohtuinud two reprosentatives. 

Belfa.st is mainly indebted to tho cultivation of linon nuiuu- 
faotnro for its importance and prosperity, and it has justly boon 
styled the Inodoru Biuiopulis, that, iieeofding to Strabo, having 
been the name of the princijiul centre of tho linen manufacture 
of tho ancients. I'lax was grown and oxporU'd from Ireland, its 
fibre was spun and uiuiinfactured into cloth, and its seed crushed 
for oil in very oarly times. Tho old Irish or Celtic name for 
'fisx was Ihin, and tho term poU a thin, still a]>plied to certain 
places ill tlio country districts, proves tliat the steeping of flax 
in pools was practised in Ireland at a very remote period. 
B is even.considered probable that linon may have buou intro- 
duodd into Ireland hy the I'hocnicians. From tho fragments 
of tho Brobun laws which are still extant, it appears that tho 
OBcieut rulers of the Irisli tribes, who promulgated their dgcrees 
in the open air on tho hill-tops, admonished tho Brughaids, 
or farmers, to learn the art of cultivating and manipulating 
flu. 1ft Us “Annals of Commerce” MaojJicrson says, “We 
loam ,from Oronielos tliat about a.d. 500 fine linon was iius- 
aossod by the iuhabitants of Britain and Ireland. The bodies 
of tho dead, at least of those of rank, wore wrapped in it.” 
Bat it is doubtful whether linon was extensively or generally 
manofactnrod in Ireland before its conquest by England in 
1170; for in tho list of exports given by Oiraldus Cambrensis 
DO linen maunfactures are mentioned. Ireland liad, however, 
an export trade in linon goods in tho thirteenth century; for it 
eon bo proved that Irish linen was used at Winchester about 
1272, during the Tcign of Henry 111. In the middle of tho 
Sftoeutb century roferenco is also found to linon imported into 
England from Ireland; and Lolond states, with respect to 
liiTer[iool, about the year 1545 : “ Yrisch merchants cum mooh 
fihithor, and moch ITrisch yam that Manchester men do by 
there.’* Upwards of a century later, or about 1C70, according 
to Maophorson, linon muiiufacturo “ began among the Soots in 
tho noi^ of Ireland, where it has to this day flouiishod more 
than in any other purl. The vast quantities of linen wliioh 
England tedees of tlie Irish, onublos them to pay for almost 
OTOrjr kind of product and manufactm-e which wo supply thorn 
with. Before they made much linen cloth, the people of the 
north of Ireland sent their linon yarn to England.” 

It was for a long period the faTOurito policy of English states- 
men to settle forei^ers in Ireland, and to estuhlish now trades 
and miinafaciurea. Sir Henry Sidney, the wise Lord-Deputy 
of Ireland in the reign of Queen Elizabeth, and the father 
of Sir Flulip Sidney, in a letter to Sir Francis Wolsinghum, 
says: “1 caused to plant and inhabit about forty families 
of the reformed ehurches of the Low Countries, flying thence 
for religion's sake, in one ruinous town called Swords; aiid 
truly, sir, it would have done any man good to have seen 
how diligently they wrought; how they re-edifiod tlie quite 
■poilod old castle of tho samo town, and repaired almost 
■U tho samo; and how goodly and cleanly they and their 
wives and oliildren lived. I'hoy made diapers and ticks for 
bods, oto.” Tlie Earl of Strafford, when Chief Deputy in 
the ragn of Charles L, rigoronsly and sucoesafnliy followed 
vp ws pplicy, bringing over fiax-sood from Holland, and in¬ 
viting iienah 8<nd Flemish artisans to settle in Ireland, and 
prasoouia the onltivation of flax and the manafoctore of linon 
cloth. Whatever may have. been the motives that aotuated tho 
mfortonate stxiiesman—and he certainly was not a diointoreatod 
banefaotor of Irelaad, for he tried to turn the improve^ in* 
diWtiy into a personal monopoly—^he deserves to Ite mnem- 
bend for the impetss he gnva to the linon mnnafootuies of 


Ireland. The earl inves'ted .430,000 of his private fortune in 
the enterprise, and it was afterwards made one of gronnds 
of his impeachment that he had obstructed the' industry of 
the country by introducing now and unknown processes into 
the manufacture of flax.” The Duke of Ormqnd also distin¬ 
guished himself by tho euoouragoment he gave to foreigners 
pos^ssed of skill in linen manufacture to settle in Ireland; 
and two years after tho Bestoration ho pushed a bill through 
the Irish Parliament, entitled “ An Act for Encouraging Pro¬ 
testant Strongers and Others to inhabit Ireland,” which duly 
received tho royal assent. In his “Miscellanies,” first pub¬ 
lished in I1J81, Sir William Temple says, “ No women are apter 
to spin linen thread well than tho Irish, who labouring little in 
any kind with their hands, have their fingers more supple and 
soft than other women of tho poor condition amongst us ; and 
this may certoiiily bo advanced and improved into a great 
luamifacturo of linon, so as to bear down the txado of Franco 
and Holland.” 

Notwithstanding all that had boon done since the time of 
Elizabeth, however, tlie total annual valift) of tho linen cloth 
exported from Ireland at the accession of William III. did not 
amount to A‘fi,0()0. Before tho passing of tho Act of 1697, 
William invited Louis Crommolier, a Huguenot refugee then 
settled ill Holland, to undertake the office of BoyaJ Eujicrinton- 
dent of Linen Manufactures in Ireland. Crommelier belonged 
to a family which had carried on linon manufacture in France, 
in all its branches, for upwards of four hundred years, and ho 
himself had upwards of thirty years’ experience. In 1698 ho 
arrived in Ireland, accoiupaniod hy his son, and selected tho 
ruined village; of Lisnagarvoy as the site of tho now govern¬ 
ment manufacturing ostablishmoui A little colony of refugees, 
of all ranks and many trades, soon became planted at Lisburn, 
which is about seven miles from Belfast, and tho place qidokly 
began to wear a prosperous aspect. Many other colonies bf 
French and Flemish artisans wore established in the south of 
Ireland, whore they carried ou varions branches of indu-stry, 
bat only those in the north were permanently suhcessful, 
although Cork, Limerick, and Waterford enjoyed superior facili¬ 
ties for trade. Among the French settlors in the north of 
Ireland may be mentioned Peter Goyer, a Picardy manufac¬ 
turer, who began the manufaotnre of sUk and cambric at 
Lisburn. 

At that time woollen goods were tho staple manufacture of 
Ireland, and tho prosperity of tho trade soon roused the jealousy 
of English rivals. Protection was not an eoonomio heresy in 
those days. The importation of yam and linen and wooUon 
goods from Franco was strictly prohibited, and at one time it 
was a penal offence to wear French cambric. These restrictions 
were, of course, believed to bo beneficial to tho people of 
England, and tho same arguments which excluded French manu¬ 
factures from tho English markets were used to exclude Irish 
woollens,' In 1698 the English House of Peers memorialised 
King William to use jiis inflnence to disaourago the woollen 
manufactures of Ireland, and, by way of recompense, “toeuoon- 
rago the linen manufactures of the sold kingdom, pursuant 
to an Act of Parliament in the year 1096.” The English 
House of Commons also addressed the king, requesting him to 
induce the Irish “ to cultivate the joint interest of both king¬ 
doms ; and that as Ireland is dependent on and protected by 
England in the enjoyment of all they have, they would be 
content to apply themselves to tho linon manufacture, whereby 
they would onrioh themselves and bo beneficial to England at 
tho same time.” Tho king replied, “ I shall do all that in me 
lies to disoourago the woollen manufaoture in Irelaad, and to 
encourage tho linen manufacture, and to promote the trade of 
England;” and the Irish Legislature immediately imposed 
heavy duties upon the export of all 'wooBen^loths. As a matter 
of oonrso, the woollen manufaoturers were completely ruined; 
thousands of families were forced to emigrate, '^eir labonr and 
skill being longer required; and in tho souHi and west whole 
districts were neariy depopulated. In 16fi9 an Act was passed 
for the special onoonragement of the Irish linon trade, and a 
board called “ The Tmetees for Linen and Hempen Mann- 
faetures ” was established at Dublin, for the {rntpose of foster¬ 
ing the growth of linen manufacture in the north of Ireland 
At first an annnal smn of 46,000 was placed at the board’s 
disposal i bnt alterward| its revsnne was inoreued to 420,008^1 
andatthisanmit.ninauiedfaralDQgpiBiod. ThsmonnyirM 
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•IMnt in premiums for tho growth and importation of 'flax-good 
for the^oJtivation and preparation of the largest quantitioH of 
flax-fibre, for the invention and distribution of new and im¬ 
proved implements, for tho erection of spntch-millB, and for 
the produotion of iho best qimliiiof of yam and cloth. A 
number of oificiala wore appointed in tho localities where the 
manufacture was carried on, and induoeniouts were bold out to 
the skilled .weavers and flax-dressers of foreign countries to 
settle in Ireland. This board continued in existence till tho 
year 1828, when it was finally abolished. 

In his “Dictionary of Commerce,’’ Mr. McCulloch makes 
the following oritioism on tho mistaken policy which successive 
govornmonts so long pursued, in referenoo to the Iri.sh linen 
trade. “ Tor a long period,” says this able economist, “ previous 
to 1830j bounties wore granted on the exportation of linen. In 
1829, for instance, notwithstanding it had been greatly rcducc'd, 
the bounty ^mounted to £300,000, or to nearly onr-urvaiiHt 
part of tho entire real or doclorcd value of tho linen exported 
that year. It is not easy to imagine a greater abuse. A 
bounty of this sort, instead of encouraging tho niaiinfacture, 
xondered those engaged in it comparatively indifferent to im¬ 
provements ; and though it had been otherwise, what is to bo 
thought of tho policy of por.sistiug for more tliiin a centuiy in 
supplying tho Xoreigiior with linens for loss tlian they cost ? 
Wo have not tho least doubt that wore tlio various sums 
expended in woil-moatit but useless attempts to force this 
manufacture, added together with their accumulations at simple 
interest, they would be found sniricicnt to yield an annual 
rovenno little, if at all, inferior to tho ontiru value of tho 
Uneiis wo now send abroad. And after all, tho hnsiness never 
began to do any real good, or to take firm root, till tho manu¬ 
facture ceased to bo a domestic one, and w.as carried on 
principally iii mills, and by Dio aid of machinery—a cliango 
which Die old fondng sy.etem tended to counteract. 'I'ho only 
real and offcctivo logislativo ennourugomeut tho maiiufaoturor 
over met with, has boon the reduction and repeal of tho duties 
on flax and hemp, and the rolinquisliing of tho absurd attompts 
to force their growth ut homo.” But it is to bo fcai'ed that 
tho diseonragement of tho woollen trade, and tho encourage¬ 
ment of the linen manufactures, wore inteiidod to serve another 
object than the obvious one. Tho woollen trade was principally 
Oorriod on by tho Itoman Oatbolius in the wc.st and south of 
Ireland, while Protestant Ulster was the cliief seat of Die linen 
manufootuTO ; and by favouring tho latter, and destroying the 
former industry, tho Government of King William probably 
thought it was propagating Protestantism and chocking Popery. 

Previous to tho introduction of machinery, Belfast was but 
a small town; its population in 1760 being loss than 9,000. 
.Cotton-spinning machinery was first used in Dio town in 1777, 
and machinery for the spinning of flax in 1806; and about tho 
year 1792 shipbnilding was added to its industries. The 
progress Belfast made after the first-menDoned of Duiso dates 
was rapid and steady. In 1798 the ]iopulation numbered 
18,320; in 1831, 48,224; in 1841, 75,308; in 1851, 100,300; 
and in 1861 it was returned at 119,718, of whom 40 000 wore 
Bomau Catholics. 

It was not till 1824 that tho idea of erecting a spinning-mill 
on on oxtensive scale was oiitcrtainod by a body of the Belfast 
linen manufooturers, and tho project was not carried into execu¬ 
tion till 1828. In that year tho Messrs. MulhoUand built their 
works, which arc in active oporaDon at the present day, and since 
then an extraordinary extension of manhinery has taken place. 
Tho linen exported from Belfast in 1835 amounted to 53,881,000 
yards, and was valued at £2,694,000, and in 186.1 tho lAnen 
Circular calculated the aggregate value of the linen mauufao- 
tored in Belfast and its saburba daring that year at £10,000,000. 
In 1864 tho total imports into Belfast amounted to upwards of 
£10,000,000, and th8 exports were statodat alotal'of .£8,000,000, 
There were in Dio town and neighbourhood of Belfast in the 
year 1858 thirty-three steam spinning-mills, or about one-half 
fi all tho steam spbmiBg-miUs then in Ireland, which numbered 
■oventy-six. In Dre’B “Philosophy of Manufactures” (1861) 
it is stated, that “ of the drish flax factories thirty-nine, or 
nbarly one-half, are sitnated in Belfast and its envi'^ns, and 
outside the movinoe of Ulstor there aro bat nine.” Mr. A. J. 
Warden, the* author of Die “Histoty of the Linen Trade,” has 
ijmarked that there is a decided tendency to centralise the linen 
trade in Belfaet. “MAny of the emfimt houses,” ho says. 


“ have oxiened sale-rooms in Belfast, at the same Dmo oondnot- 
ing their operations as formerly in the localities where thmr 
monufootorioa and bleach-fields are.” Daring the past four 
years the linen trade-in the north of Ireland has been rather 
doproBsed, and last year it was injoriously affected by the ont- 
broak of tho war between Prance and Germany. In the autumn, 
however, tho exports to tho United States were very largo, and 
nearly, if not quite, compensated the loss of oustom from Ger¬ 
many and Pranoo. • 

The commerce of Belfast is very oxtensive end rapidly in- 
oreasiiig. Only a comparatively small part of. tho exports ore 
sent direct to foreign countries, and tho most important branch 
of tmflio is across the Irish Channel to Great Britain, and 
principally to livorpool. About forty steamora aro regularly 
eugogiid plying between Boliast and tho principal ports of 
EiigUuid and Scotland, besides Dublin and Derry, and tho chief 
articles of export are linon and cotton manufactures, linen yam, 
corn, moal, flour, provisions (including under ttuit term hams 
and bacon), low, and liorscH. Tho mcrca.->o tliat has taken 
pliuio in tho shipping of tho port is, indeed, quite us romarkablo 
as the growth of tho manufoetures. In 1700 Dioro wore only 
live Buiall vessels owned in Belfast, while in 1805 there were 
326 sailing vossels over 50 tons bnrdon, and 153 below 50 tons, 
lii‘.sUl(!s 11 steam-BhipB belonging to the port; and eonsidorably 
over 8,000 vessels, with an aggi egato of alxiut 1,250,000 tons 
Inmleii. aro now aiinuully entered and cleared ot the port. Tho 
inland trade of the town is carried on by means of the Lagan, a 
canal, and three railways. 

There are five exlousive cotton-miUs in Belfast, in which 
velvets, fustians, jeans, ticking, ginghams, calico, muslins, oto., 
aro miiile. BcBides the iudu-.trieM already nuteil, calico-priniiug, 
bleai'liing, and dyeing aro carried out on a large seulo in Belfast, 
and it also ouutaius important iron fomtdrics, machine shops, 
choiuieal works, glass works, distilleries, broworios, flonr-mills, 
tanneries, roperies, etc. 

The climate and soil of Ireland aro more favonrablo to tho 
growDi of flax than tho climate uiul soil of oiDicr of tho siator 
Kiiigdiims, and a society has long been established at Belfast 
for promoting its cultivation. This souioty has not been un- 
Inlliicntial, but it is considered doubtful whether its exortiona 
have been benofieial to the country. In 1847 there wore only 
58,312 acres of land under flax in Ireland, while the average 
acre.ago during tho throe years 1865,1866,1867 was rotnmod at 
256,015. Ke.arly the whole of tho flax grown in Ireland finds 
its way to Belfast. 'J'ho condition of the working classes in 
Belfast will compare favimruhly with that of the artisans of any 
other Itiwn in tho kingdom, and in some respects they are 
better off, for they seldom suffer from temporary mlcrrnptiona 
of trade; whilo tho landed aristocracy ore in a small minority, 
and tho middle classes enjoy all tho comforts and many of the 
luxuries of life. __ . 


TECHNICATi DRAWING.—XXXI. 

UBAWISa FOE MACHINISTS. 

THE STEAM-ENOINE (coniiliued). 

Pici. 284 is tho crank-pin that is held by a eottor, or wedge, 
in the smaller oud of the <!rank, and it rocoivos the larger end 
of the connecting-rod tUig. 285), which end consists of a solid 
square-shaped block, through which passes a gib and cotter. 
Tho brass bearings, or “brasses,” arc hold in position by a 
strap which pas-sos over thorn, and are kept from opening by 
the gib, and tightened by the cotter ; a small sot-Bcrew, with 
hexagonal head, holds the cotter in position when driven into 
its plaoo. 

The smnllor end of this connecting-rod (Fig. 286) is made 
diffomnDy, for it passes inside tho closed jaws of tho motion- 
block (Pig. 312), p.ud tho brasses need no flanges to prevent 
thoir coming out ot place. This end is made solid without any 
strap, and the brasses aro tightened up by a cotter and screw, 
uo gib being required. Other forms of coimooting'.rods aro in 
common use, the kind generally adopted for marino engines 
being shown in Fig. 219 (Vol. I., page 335). 

Figs. 287 and 288 are end olovations of tho oonnoctmg-rod, 
and Pig. 289 a sootion across the middle to show its thictmesB. 

Figs. 290 and 291 ate views of the coccutric-rod, which is 
morlly a smaller and lighter oonneeting-rod between 
eooeutrie and ttlide-valvo- Both connecting-rod. and eooeijftric- 
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Tod shonld be ao loner as possible, becaueo it toe short they 
cause an irregular distribution of steam in the cylinder, and 
injnrions pressure upon the sUdo-bars. 

Figs. 202 and 293 are riows of tho valve-rod,, whieh enters 
through a gland in the vaJvo-box, cover, and holds the slido- 
valve, its outer cud being in connection with tho eccoutric-rod, 


cheap, and rao8|; effective method of preventing tliis evil. Tho 
centre portion of the screwed end in.diumed smaller; so that 
tho inner nuts may slip over it, and thus bo more expeditiously 
inserted than if It^ey had to be screwed uJoug tho whole length. 

Fig. 294 is the piston-rod, partly shown with tho piston in 
Fig. 275. This rod is made of steel, for it has to endure much 



and ttraa the movements of tho eccentric arc oommunioated to 
the slide-valve. The screw npon this valvo-rod is provided 
with double sots of nuts, the outer, or second one, being called 
ft luck-nnt,' and its office is to hold the inner ones in any 
desired position. When adjusted into its plooe, the enter nnts 
are soTewc>d fast upon those inside, preventing them from ,bi»- 
oom^ loosened easily. WhoreTer there is much vibration, 
siuj^nuts axe liable to looeon, and lock-nuts form a simple, 


friction, and would wear away if mode of iron. One end is 
screwed into the piston, and the other oosicel end fits into a 
corresponding hole in the motion-block (Fig. 312), uid is 
tened by a cotter into its position there. 

Fig. 295 shows the motion-block 'pin, which forms a bearing 
for the smaller end of the oonneoting-rod (Fig. 286), 'and k 
inseerted through a oorre|ponding hole in the motion-blook (Figi 
312). A small piece of wire is inserted close under the he^ ot 
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this pin, and fitting into a key way in the motioiublock, prevents 
the pin from tnrnin^ round, and oompola the brasses of the oon- 
neotiiig-rod to more upon it. 

As any prosHnro on tho piston cansos a sido strain to tiio 
cylinder, pedestals, etc., which the bolts alono ore unfitted to 
withstand, the stoady-pia (Pig. 290) is a very simple, cheap 


Pig. 299 and 300 aro two views of the ocoentrio which moves 
tho slide-valve, ns already stated in tho preceding lesson. An 
eccentric is nothing more than a disguised form of crank, where 
wliat corresponds to tho ])iii is sufiioiontly largo to embrace the 
shaft. Its movemenl.s are tho samo as those of a crank, and it 
forms an exeolloiit method of moving tho valves of steam-engines. 



form of key to hold all tho parts in their proper position in 
spite of side strains. Holes are drilled tlirough the cjlindei’and 
pedostol flanges, and those conical pins are driven in and form 
a most effoctive'key, which is easily removed when neco.ssary 
for taking the engine to pieces. 

Pigs. 297 and 298 are a plan and elevation of tlie plnmmer- 
Mock or pedestal, which carries the hipder end of shaft near 
the %-wheeL 


Tho central portion is keyed on tho main shaft, and tlw two 
rings placed around it ate held in position by bolts willi lucked 
nuts. A small oil-cup behind serves to keep the working sur¬ 
faces lubricated. , , • r it 

Pigs. 301, 302, and 30.3 aro front, side, ard hsob views of the 
oblique pedestal behind the crank. As tho pressure of tho 
piston is altogother from tho side, sneh a jiedestol a* Fig. 298 
would wear away at the joints of tho brasses withont the means 
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of tigbtenmg, and tberefoxe in thia case would ^ miBtiitablo; 
bat the aide pedestU shown is properly arranged for resisting 
the preBSHTO comnmnicatod to ihe crank, and being tightened 
up as it wears. 

Figs. 304, 305, and 306 represent the throttlo-valve pipe in 
three views; Fig. 307 the valve itself; and Figs. 308, 309, 
and 310 its lover and shaft. This oontrivancu is really on 
imperfect form of valve or tap, which, closing, reduces the 
qhantity of steam admitted to the cylinder, it i^ worked by 
the governor, in the manner shown in I!igs. 338, 339. 

Fig. 311 is a section of the fly-wheel rim and uiiu of its arms; 
aide elevations being shown in Figs. 338 and 339. 

Figs. 312 and 313, the motion-block, which forms a con¬ 
nection between the piston-rod and cunnectiug-rud; and also 
works in the slide-bar (Figs. 314, 315, and 316). An inspection 
of the general drawing wiU show that the augnliir direction of 
the connecting-rod would strain the piston-rod, unless means 
wore adopted for resisting it. The motion-block slides upon a 
smooth surface parallel with the axis of the cylinder, and 
receives the anguloi' thrust of the connooliiig-rod, so preventing 
any undue stiaiu coming upon the piston-rod. There are many 
different forms of slide-bar in use, but the ono shown is as neat 
in appearance as any, though it has a disadvantage in offering 
a larger surface for pressure below than above, for tbo engine 
to run round to the right—that is, in the dirccliou that the 
hands of n watch turn—and thou the pressure on the motion- 
block is always downwards. 

The fly-wheel shaft (Pig. 317) is shown as if partly broken, 
the object being to represent its sjiocial fonu to as large a 
scale as possible, without occupying inconvenient spneo on the 
page by mere length. It will bo observed that tlio coniors are 
rounded instead of being made square. This is a most im¬ 
portant feature in shafting exposed to any strain, for wlicn the 
angles are mode square, slnifts will sometimes livoak, although 
amply strong enough in appeorunoo for the work to bo borne. 


CHEMISTRY APPLIED TO THE ARTS.—IX, 

BY aBUOaS OLAUBTUNE, I’.C.S. 

CAUDLE-MAKING. 

WoTJBEBFtn, progress has boon made during the last few years 
in the art of making candles ; those whuih ore now in common 
use ill the best oireles being of a composition wholly unknown 
to the last generation. The article used almost unii'orsally 
by the lower orders romains, however, much the.same as it then 
was. For certain purposes the old-fashioned diiis are not sujicr- 
Beded. In the first place they are cheap, and in the second 
they are not liable to gutter, which renders tliem most appro¬ 
priate whon a oandlo is to bo carried about: the reaiiiness with 
which some of the superior sorts of candles shod the melteil 
portion while being carried about a house i.s often a source 
of great annoyance, osid cause of damage to the carpets and 
other artiolos of furniture. The necessity of smiffliig ttio dips 
is, however, an olijeotion, as they give only a very indifferent 
light in the interval, and if not attended to, the burnt portion 
of tbo wiok is apt to fall and causo waste. 

IWlow caudles belong to two categories—dips and moulds. 
The latter ore superior to the former, both in composition and 
appcivronoe, though actually mode of the same materials. The 
tallow used for such purposes often contains a mixture of 
vanous fats, such as those of beef and mutten, hog’s i.ird, etc. 
Such ingredients are liable to turn musty and rancid, on which 
aoconnt it is necessary to purify them, first by melting them 
and straanmg off all the membranous substances which may be 
mingled with them, and subsequently boiling the fat ii)i with a 
little water and sulphuric ooid. If mould candles arc to bo 
made, the tallow is generally subjected to other proeessoB in 
order to inoroase the fimness, and at the same time to improve 
tko colour, Pressnre u somotimea used to setutcate the more 
liquid portion; but alnm, borax, and other snbstanoes are also 
often mixed with the fat in order to clarify and harden it. 

The wiok of a tallow candle needs to bo rather bulky and 
loose in texture, so as to allow the melted tallow to rise freely: 
ootten, loosely twietad, fnlflls these conditions beat. A wick 
which will not retpdie ennffing can be mode by plaiting* the 
thread tightly, beciuue in anoh ooae the..wiok will never keep 


straight us it bnims, but will onrl np unlal the end projects to 
the outer edge of the flame, whore' the heat is sufficiently 
intonso to bum away the carbon altogether. • Suoh wicks, how¬ 
ever, will not ab|iurb sufficient tallow to produce a satisfactory 
light, and ore thoi-oforo reserved for the better desorii^iionB of 
candles, which bum with a much brighter flame. For lar g e 
candles two wicks are sometimes used, and they are so ploeod 
that tlioy bund in opposite directions as they bum, and thus 
produce a brooder illuminating surl'aoe. 

To make dips, the wicks ore attached to a frame, and im¬ 
mersed in a trough of molten fat, from which they ore gradually 
withdrawn, to allow the adlioront tallow to cool. This dipping 
is rc])8ati!d from timo to time until the candles have acquired 
the proper tliicknoss, the anbsoquent dippings after the first 
being more rapidly performed, and in tallow of a ratkor lower 
tomperatum. 

Movhl candles suggest by their name the iilan adopted in 
their munufueturu. ’ffiie mould consists of a metalliu tube of 
the proper shape and size, through which tho wick is ]>assod, 
and then tho molten tallow is poured in and left to cook A 
largo uiimbor of these moulds are ariuiigod in ono frame, so 
that they arc all filled at one operation. Fowter is found to bo 
tile best material of which lo uuiko the mould.s, us it is not 
aftectod )>y any acid there may be in the tallow. 'I'licy should 
not lio iiiadc .my ibicker than is necessary for tlie sake of 
durability, a.s the thinner they are the more rapidly will the 
cooling lake pl.oce. 

Spei'm caudles are much Buperior to the moulds, and until 
within a comjiaratii cly recent period were tho oidy rival of tho 
real wax cainllc. 'J'lie name is simply a contraction for H|iorma- 
ccti, tho art idle from which they are iirinoipally made. It is a 
kind of fat which is obtained from tho head of a particular 
species of whale. I’hijsilur luacroccphnliis, which, whon tho oily 
portion is expressed, forms a solid of pearly whitiuiess and of 
crystalline structure. It does not contain any glycerine, and 
hence it is not greasy to the touch. For Uiis reason, as well as 
their beautiful appciu-auco and high illuminating power, sperm 
candles liavo justly eiijoyod a high ropntation. In order to free 
tho Nperniaccti thoroughly from tho oily portion, pressure is not 
found sufficient, even though hydraulic presses of gimt power 
arc used. After it comes out of tho iircss, thoroforo, it is 
frequently boiled along with a little caustic Boda in solution, 
just suHieieiit to combine with tho rosidnaJ oil, which wiU then 
1)0 converted into a soap and can bo Hkimmed off tho surface. 
If too much alkiili were added the spormaouti would in like 
iinumcr be sa))uniflcd. and a loss of material would ensue. It is 
afterwards wuslicd with water, whieli removes all the soap ite»t 
may have remaiued over from the skimming. Tho i^lmal 
being thus prepared, tho caudles are made in moiifli"with 
plaited wicks as above described. 

Tho improvcnicnte in candle manufacture whioh have taken 
place of laU' years linve caused tho roul sperm and wax caudles 
to bo greatly su]ierHcded. Every one is now familiar with those 
made of steai-ino or Htearic acid Tlus substance is present not 
only iu animal fate, but also in many of tho vegetable oils; 
palm and eoeoii-uut oils contain large quantities, and are now 
very extensively used in the preparation of stearine. Tho other 
prineipal ingredients are margario and oleic acids, and glycerine. 
The former of these need not be altogether removed, but the 
olcio acid is much too liquid to suit the candle-maker, and tho 
glyeerino must bo extracted, because it will not bunt, and its 
presence would therefore diminish the illuminating power. 
Stcariiiu, when thoroughly separated from tlicse several sub- 
stances, is a firm crystalline body, and mokes a hard, olean, and 
good-looking candle, which gives' a strong bright light. 

Palm oil, whon in its natural state, is very highly coloured, 
and it has therefore to be bleached. Mqgt of the other sub¬ 
stances are more or loss tinged, and it is desirable to submit 
them also to a similar process. This is usually done after the 
ingredients which are not required have been removed from the 
crude oil. 

There are several distinot prooesses for tho separation of tke 
steario acid. Superheated steam will serve ^e purpose, md 
partially bleach it at tho same time. The^t^ mattera 
placed together with water in an ifon chamber capable of boat¬ 
ing a pressure of abdnt 2,000 pounds to the square inch, and is 
rauad to Utemporoture^f from 500” to 600° Fahrenheit. Tho 
glyoerino then oombines with the water, and on the oontente. 
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being drawn off into a tank, the etoario acid separates from 
the other substances. ' 

The sulphuric acid process is, howevor, more commonly 
adopted, ospecially in tho conversion of palm oil. It is iii'st 
molted in largo vats, and then passed into a Icadon tank, wlicro 
it is heated by steam to about 350" Fahronlieit. Strong sul- 
phurio acid is then gradually added to the extent of about of 
the weight of the oil, the boiling being kept up all the time. 
After being left awbile to settle, the oil is transferred to the 
stills, where it is distiUod over at a high temperature, tho 
glyuorino ooming off first, and the ultimate product forming a 
tolerably firm substance on cooling, which without further pre» 
I>aiation uiay bo oouvertod into candles, d'hosu so modo arc 
called composites; the quality, however, can still bo consider* 
ably ini(>roTed. In order to make tho best steurino otuidlc.^, the 
fatty acid is shvoddod by a machine, and thou Hi)read evenly 
upon mats, which are piled one upou another, and then put 
under a hydraulic press; aU the oleic acid is tlius exitnlled. On 
taking the stcarine out of the press, it is agaiti iticdtud with a 
weak aqueous solution of sulphuric acid, and after tho Inxuor is 
drawn off, a very pure and bimi stoaiitio results on eeuliiig. 

A third x»lan <*f sei>aratitig the glyecrino is by cmivortitig the 
■oil into a soai). For this pm'poso the alkulins used by soap¬ 
boilers are tem eximnsive; caustic limo 'hydrate of calcium), 
which is found to aiiswor equally well, being u.sod instead, 'I’ho 
oil having been molted in vats by tho introduction of steam, 
slaked lime, worked uj' with a sufficiency of water to make it 
about tho consiateney of oi'bam, is gradually aildod, until the 


being raised at Hold and Wigan. The petroleums of the 
United iStatds also yield this substance. 

Paraffin is a pure hydro-carbon, coutainilg nothing else than 
carbon and hydrogen, being precisely the some ingredients as in 
.nffiuary ooal-ga.s, though in another form, gai§ being produced 
by distillation of tho same substances at a much higher tempe¬ 
rature. It is a colourless solid, not at all greasy to the touch, 
which melts readily at a low heat, and bums with a brill^t 
llamo. Unlike the oils and fats spoken of above, it doos sot 
contain any glycerine.* Oxokcrit is also a mineral bydro-earbon, 
distiUod from an oil shale obtained in Soutiiom Bnssia ; it has, 
however, a higher meltiug-)mint, which is an mlvantage in some 
respeots. Pure paraffin molts at ahont 120" Fahrenheit, which 
is too low a point to bo safe iu a hot uUmatc, aud on which 
account it is generally mixed with steurino, the two together 
forming a very cxocllont candle. 

There is one other artielo from which candles aw freiiuontly 
made, wliich demands consideration—wax. The material is not 
only dilTcrcnt in character, but the manner of dealing with it is 
also quite distinct. Beos’-w^x is a very familiar substance 
whii'h scarcely needs description, but thew is .also Chinese wax, 
which is tho exudation of an insect, and vegt-bihlo waxes, which 
arc prepared from tho berries aud fruits of certain plants. 

Ifces'-wax is usually of a veiy doeiUed yeUc.w eokmr: it must 
in eouscquen<M< bo hl(ue,bcd. Tlie ordinary bleaching agents 
cannot be a];plieil, and tberufore the wax has to jiass through a 
process somewhat similar to wliat used to be ndoiited wilh textile 
fabrics in olden tlays. Tlio wax is first melted by the agency of 


proimrtion of litno to the oil -is about 16 iwr cent, by weight, | steam, to separate any extraneous matters, .and then made into 
tho mixture being woll stirroil all the time. The vats arc then | thin sheets, which ai'C sjiread out in tlm open air and watered 
shut down and kept at a high tomjioratnro for Sf)nio hours, ' from timo to time, until the greater i)ortiou of tho colour is 
during which period the lime lia.s combined with the fatty acid, I lost. 


forming a soaji, while tho glycermo has combined with the 
water. ITie mixtm-o is then allowed to cool, the glycerine and 
water drawn off, and the residue wcU washed with cold water. 
Tho lime-soup uoutaum oloic as well as stearic acid, but the next 
stox> is to seiiaratc the limo and leave tliu acids itcrfcctly free. 
8ii1phurie acid, liuving a grout affinity for lime, is employed to 
effeet this object. 'The soap is boated to soinetliing under tlio 
boiling-point with snlfiburie acid and water, the weight of con- j 
centrated acid employed being about one-fourth of that of tho ] 
soap to bo decomiiosed. Wheii tho fat has soxiaralod and riHoii j 
to the Hui'fucu of the liquid, the suliihato of lime and water is i 
drawn off, and tho fatty acids are left to cool and solidify. 


Wax candles are seldom mndo in moulds, on aeftonnt of tho 
difficulty of drawing thorn out after they have cmoled. They 
are theretoi’O usually made by another process, wbu'h is ti'nued 
basting : tlio wicks are sUHiicnded to a frame over IJie caldron 
of melted wax, and instead of being dippe'l into the liquid, as in 
tho case of tallow', tho workman take.s tho wax up in a ladle, and 
pours it over the iwv of wicks in succession, until tliej have 
attaiiiod about one-third of their ultimate thiekness. They are 
then removed from tho frame, and rolled between marble slabs, 
in order to make thorn quite smooth and of uniform thickness. 
The caudles arc again siispondod to tho fr.'imo and basted ns 
before, then rolled, and the ends trimmed with a knife, iu order 


The oleic acid is then usually removed by pressiu'o, and the 
Bteariiio is ready to be mode into candles. 

At first some diflioulty was experienced in making them in 
moulds, on account of tlio groat tendency of the steurino to 
crystjUse. It was found tiiut a small admixture of ar.-^cme 
would prevent this, but its poiionous reputation prohibited its 
use. Aa addition of a little wax has the double advaiiiage of 
preventing tho crystallisation of tho stoarinc, and of inm-oasing 
tho boauty of the caudles; but a still simpler expedient has 
since been hit upon, all that is necessary being to regulate the 
tfimporature when the moulds are filled, so ^at the stcarine 
shall only be jnst hut enough to allow it to run. 

Within the last twenty years or so, a very important addition 
has been made to the sources of supply of the ingi'cdient most 
important to the candlo-makor. About that time many 
attempts were made to convert tho peat bogs of Ireland into 
candies, but they were generally looked upon with inoreduUty. 
As a scientific experiment tlio attempt was quite legitimate, but 
as a oommeroial operation the candles produced ware found to 
be vastly too dear. Tho material distilled from tho peat was 
paraffin, but it could only be obtaiuod in very BmaJl quantities 
and at great expense. The eartii-oil from Eangoon, which is 
obtained in wells, found to be rich in this ingre Hunt, iuid it 

oonld bo separated from it at a sufficiently cheap rate. It was 
also found to be present in considerablo quantities in tho Cannel 
eoals, and the oil shales associated witii them, and'could be 
> separated by distillation at a low rod heat. The Batligate 
sluiJss near Edinburgh (otherwise oalled Boghead cool or Tor- 
^anehill miner^ being very.riqh in hydro-uarbons, largo works 
liave been ooiRed on there sinoe the first discovery of their 
'value, for the distillation of the paraffin and tlio mineral illumi- 
natiBg oils. It is now prodnoed whereva^ cannel is found, tho 
Itxinc^pal centre of Iffio trade in Eng^nd and Wales being in 
Flintiffiize, Ohsshizs, and Lancaalure, coal of this desiaiption 


to make them all of the same length. 

COLOUR.—X. 

By Professor CauncH, Iloyul Agricultural College, Cirencester. 

CAUTIONS AS TO TUB TRUE PKIMABY COI-OllliS AND CHKO- 
NATIC KQUIVAUliNTB—MOMFICATIONS OV COLOUB UX 

Jl.I.UMrNAT10N-~LirFFUBJiU 1>AV1.H:HT-l-KJHT C,!.’ TUB 

SKY AND eXOUDS—SDN1.ICITIT—A DOMINANT COLOUKKU 
LIOUT—ARTIVnaAD MOHTS—TWO niOHTS. 

Bkfoke entering np<m tlio considoratiou of the changes pro¬ 
duced iu coloured objects by the nature of the light which falls 
upon thorn, it is desiTahlo to rojs’ttt a caution which wo have 
given our readers moro than once as to tho value to bo imt 
upon our supposed sot of three primary colours and their chro¬ 
matic equivalents; fer, in discussing the Jaws of harmonious 
assortments of colours, we have aasumed the truth of both 
those doctrines, because wo wore dealing with pigments or dyes, 
and not with coloured lights (see Iiessons VI., VII., and Vlll.), 
whilo for pigments, tho conclusions reached bj * •»—, —- - n 
rally ado^dod, so far as regards the relations and equivulcu 
of oolonrs, are of no small servioe. Field’s ooiiclnsitms woi 
inde^ obtiiiuod by imporfoot methods, and relate, so fur i 
they are true, only to colours produced by absorption: but 
is, of oonrse, precisely with this modo of producing ‘'■“|our8^tiu 
we are oonoemed when occupied with pigmonts. 
well, however, to point out the special oonvenicnoe of tno 
primary triad of colours in general use by pninters and orn^ 
mental colourists. Tellow, red, and bine have b^n solMted, 
for artistic os woll as praetioal reasons. With these colours, 
nfimixed, but properly distributed over a painted surfMe, it is 
perfectly posaible to-get that kind of “neutralised bloom 
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wliiob’all satisfiiotory oolour-coiabinations Bhould<>exIubit when 
Tiowod at a Huffloiont distanoo; jnst an a similar result may be j 
secured by the miuf^luii;:, througrb rotation or emerwise, of the 
same threfj oolonrs. A scmond artistic or SBStnotio reason for 
the ecloctdon of this triad lies in the varioty thus, seourorl. 
Yellow represents to tlie eye nearness, lightness, and brilliancy, 
and docs not actually admit of anything like the intensity of 
tho purest rod. Bed imparts an idea of warmth and riclmeaa, 
ana is as far removed, in its several qualities and the sensation 
it awakens, from yellow as it is from blue. Blue gives us tho 
olomont of coolness and retirement, and is loss brilliant and 
more intense even than rod. If wo take tho triad red, green, 
(uid blue, wo have not the same range of effect at our disposal, 
red and green being removed from eooh by a far greater interval 
than that whioli sepamtos green and blue. As to tho practical 
nses of tho two rival triads, thoro can bo no hesitation in pre¬ 
ferring tho common one; lor rod and green pigments when 
mixed do indeed produce grey, and blue and yellow pigments, 
green; though were lights, not pigments, conoemod, rod and 
green would yield a yellow, apd blue and yellow a white 
light. 

We have already explained how the mixed nature of tho rays 
reflected and absorbed by pigments causes this differoiioe, 
this departure from the anticipated result; but the only thing 
wo have to do under the oircumstaneea is tho adoption, for 
the special purpose, of a plan of mixing colours which oan bo 
successfully carried out in practice. The impressions which the 
retina of the eye receives, and which become translated by 
the brain into sensations of colour, are oertaiuly produced in 
different ways. Tho mingled rays, for example, of rod and 
bluish-green' light produce a colour-sensation absolutol.y iden¬ 
tical with that produced by tho perfectly simple and pure 
yellow h'ght of tho spectrum; hut it would bo grossly in. 
correct to regard yellow as of necessity a compound colour for 
tins reason, since wo know it to bo incapable of any kind of 
decomposition as it occurs in tho solar spectrum and in most 
pigments. It is quite possible, also, to produce the colour-sensa¬ 
tion of blue by tho mingling on tho retina of oortnin green and 
violet rays, yet this docs not warrant us in regarding tho solar 
blue rays as lining otherwise than simple. But when wo come 
to mix ])igments on a palette wo And that very differcut results 
ooenr, yet that in no case is a pure yellow, or red, or blue colour 
produced by any mingling of other colours. So our practical 
treatment of tho cidour-rolation of pigments must differ from 
that of coloured lights. 

Wo are also oompollod to lay hut little stress on tho doctrine 
of chromatic equivalents. When pure coloured rays are experi¬ 
mented with, it is possible to learn tbe proportions in whicb 
they must be mingled to priiduce curtain uifects; but when 
tho same problem is attempted to bo solved in tho ease of 
idgmonts, the complexity of tho subject Imfflos us, aud our 
results are scarooly more tliau very rough approximations to 
the truth. Still, thoro is an obvious propriety in tho more 
sparing nso of luminous and brilliant colours, as yellow, us 
compared with those of great depth and intensity, such as blue; 
and if wo find that mixtures in certain proportions of jiar- 
ticnlor coloured pigments give oolonrs approximating to cortaln 
standards, or produce neutral greys, we may consider such 
proportions os corresponding in some measure to tho chro¬ 
matic equivalents of the pigments in question. Thus it is funnd 
by experiment that two grains of nickel in tho form of chloride 
yield a bluish-gioen solixtion, which is perfectly comjieteiit to 
neutralise the rose-pink oolour of a solution of chloride of c bait 
containing one gi-ain of cohalt. In this instance, tho ">icbel- 
greon is related to Uio cobalt-pink in tho proportion of 2 to 1. 
Wb trust that, without further dwelling upon these subjecds of 
the primary oolonrs and chromatic equivalents, wo have said 
enough to show at Once not only the nso of our exphuiaUuna 
in Lessons VIU. and IX. of colour-proportion, balance, and har¬ 
mony, but also the reserve under which these explanations must 
bo accepted. In passing on to tho study of tho modifying in¬ 
fluences of different kinds of illumination upon the oolonrs of 
objoots, we 'wouM premise that tho remarks just made must 
likewise bo kept in view. 

Tho quality an^ intensity of t^c light by which objects and 
their oolonrs ore diseemed are liable to great variations«and 
produce corresponding oha'oges iq nolonrs^xefleoted from the 
surfaces which they ftuminate. Iratting on^ one side, for the 


present, tho variations produced by tho nature of tho substance 
o» BMrfaco on which tlio light falla*, we may consider tho oondi- 
tion of a plane aud nnifonnly-onloured surface as illuminated by 

1. Diffused daylight, and Riiidight; 

2. A dominant coloured light; 

3. Artiiicial lights, as candles, lamps, fire; 

4. Two lights, of different quality or intensity. 

§ I. It is scarcely necossary to state that the light of day 
varies greatly in oolour; tho causes, however, of its variations 
may not be at once apparent. In reality, there is one chief 
active cause which originates its ehromatio changes —the air 
is not perfectly tmns/mrettl, it is more or loss olondy or 
troubled. Now even if the sun’s luminous rays bo purely 
white, they will suffer change by passing through a cloudy 
medium. The ouso with wliich they pass.will vary ■with tho 
more or less complete approach to transparency of tho atmo¬ 
sphere and its depth. Let us study in sucocssion the blue light 
of tho sky, the apparently white light of clouds, and tho reddish 
light of direct siinshino. 

How does tho hlncnoss of an unclouded sky originate f Wo 
may Iwst explain it by means of an experimental illustratiun. 

UiX)n a sheet of black glass or a surface of black jaiianncd 
metal, place a drop of milk, diluted, it iicoossary—whicb will 
seldom bo the case - with a drop of water. 'The milk is a 
olondy medium; its miimlo particles reflect certain rays of 
very short wave-length—those towards tho more refratigiblo or 
blue end of the sisictrnm; therefore, by reflected light, a drop 
of milk on a dark background appears blue. So, through a 
doVu'.iLt.o skin, and a series of translncent but not transparent 
momliranos, the light reflected where the dark background of a 
vein flUed with venous blood exists, is blue. So, also, the trans- 
luc.ont, but not absolutely transparent tissue of the iris of the 
eye often reflects a blue Kght, there being in this instance also 
a background of a black pigment, but no real blue colouring 
matter whatever. Tljo blueness of tho sky has a similar origin. 
Against the dark background of itifinitc space, a translucent 
medium is placed ; this medium is the atmosphere. It is never 
transparont, countless millions of minute particles, chiefly of 
water, being suspended in it. When these particles arc of a 
certain degree of mitintutioss and uniformity, they arrest the 
free passage of white light; this they do by a peculiar kind of 
*• interfernnoo ” (see Liwson II.). Bach minute foreign particle 
of water gives rise to two reflections, one on each surfoco—one 
external, on tbe anterior surface ; one internal, on the postorior. 
Those reflected rays, passing from air into water, and from 
water into air, suffer different rctarrlations, and, on emcrgonco, 
cause tho usual phenomenon of intorforonce, namely, tho pro¬ 
duction of colour. When tho particles thus affecting the inci¬ 
dent light are sufficiently minute and sufficiently numerous, tho 
proportion of reflected green, blue, and violet rays, which 
together givo tho colonr-scnaation of blue, predominates greatly 
over tho rod, orange, and yellow rays, with their longer nndnln- 
I tioiis. Thus, tho reflected light of the open sky is blue; but let 
tho thickness of the reflecting layer, or the number of tfie 
reflecting particles increase, and tbe blueness of tbe light 
decreases, for the solar light, which has been deprived by the 
kind of reflection just doscribod of a great proportion of its 
more refrangible rays of short vibration, hoe become yellowish, 
or orange-tinted, and is no longer capable of furnishing an 
exoosB of blue rays. Prom this cause wo see that while tho 
light of tho senith is a distinct blue, it becomes gradually of a 
less pronounced tint towards tho horizon, whore it would be 
white if other conditions did not there produce other modifica¬ 
tions of tho reflected light. This exquisite gradation of tone in 
the sky is qftnn missed by unobservant painters, xriio think that 
the same mixing of some blue pigment will do to represent the 
colour of tlio whole sky shown in their pictures. 

Now if tho reflected light of the blue sky owes its colour to a 
sort of sifting of the solar rays, it will bo rightly concluded that 
the transmitted light, dpprivod hy this process of its green, blue, 
and violet elements, will partake more or leas distinctly of tho 
colours of tho residual rays of the solar spectrum. Such Is tho 
case.' The light transmitted through a turbid jcedium shows a 
prodotninanoe of yellow, orange, or oven red lijflit. Diieot stm- 
light partakes of this oharocter, but it is generally more distinctly 
seen when the same object is Ulnminati^ by two lights, which 
cou be compared and contrasted together. Yet there ore casdk 
in whibh 1dm redness of sunlight is nuunifesl: enough. Not 
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is bright Bunshine gpoken of by paintora os warm in an artistic 
aenau, because of its mddineaa, but the light of the sun, tnu^- 
mittod through a groat thickness of a turbid atmoaphofc, often 
appears, as at sunaet, of an intonao rod or crimson colour. The 
street lamps in a fog illuatrato, by their gradually increasing 
redness as they become moi-o distant, the same foot. 

While, then, the light reflected from the sky is bluish, and 
that tronsmittod directly from the suji tljrongli an aqueous 
atmostdiero reddish, the light of day is often while. The 
particles suspended in the air may bo cither too large or 
too small to produoo the eft'eet wo have been discussing. 
Thus, Uirough certain kinds of fog and mist the light of the 
sun roaches na, reduced in intensity it is true, but unchanged as 
to its quality of whiteness. So, also, the light nsflcctcd from 
dense masses of cloud is often nearly wliite, and at oilier times 
is grey, owing to a comparatively dolicient illumination or to 
absorption, jt will not bo noctissary to detail bero the modifleo- 
tions of colour which objects undergo when illqminiited by direct 
snnshino, or by the light rcflootoil by tlie blue firmament or 
white clouds, as it may be readily learnt from the next succeed¬ 
ing paragraph, in which we treat of the effects of a dominant 
coloured light. 

§ S. When a landscape is viewed through a piece of neutral- 
tinted or grey glass, the rays of different colours belonging to 
different parts of the sjioutmm arc interceiited to a nearly equal 
extent; when the gloss itself is coloured, a different result 
onsuoB. 'Through a yel’ow glass, all objects acquire a yellowish 
tinge, not because the yellow glass actually adds any yellow 
rays to the light wdiioh it reflects, but because it cuts off the 
other coloured constitnonts of the light in different degrees, and 
so increases the proportion of yellow light convoyed to the eye. 
Objects which ato originally yellow remain virtually uuohaiigod, 
but relatively intensified ; tlio.so which are red lose a small jiart 
of thoir rod rays; those which are green assume a yellowish- 
green hue, since some of their green and blue rays are cut off; 
while blue objects acquire a greyisli-greou hue, owing to tho 
suppression of many of their projjcr blue rays, and of the 
further sifting which tho white light they reflect suffers. When, 
on the other hand, ubjocts variously coloured are illuminated by 
a ]iuro light of one colom*, that is, monochromutie, light, the re¬ 
sults are different. All objoots reflect naturally, if they have 
tho opportunity, us in daylight they have, some white light; 
but when a pure coloured light is thrown u])on objects usually 
distinctly coloured, they can either reflect no light at all, or only 
that which is incident upon them. But, in point of fact, when 
experiiucntihg with coloured iihuiiination of this kind, wo have 
not to deal with pure red, or orange, or green lights. It will bo 
most servioeable for the purposes of the praotical appUcation of 
onr priueiplos if wo give some clue as to tlie motlificutions pro¬ 
duced in tho colours of objoeta by different qualities of light, in 
which certain rays severally preponderate, but, nevorthcloss, do 
not wholly constitute tho light. Illumiuated by a light in which 
yellow rays predominate, yellow objects become less distinc¬ 
tively yellow when put by tho side of white objects, which then 
as'sumo a yellow tint. Bale yellow gloves by the yellow light of 
a lamp are hardly to bo distinguished from white gloves. Orango- 
colonrcd objects become, if anything, rather more yellowish in 
yellow light. Vermilion increases in brilliancy if tho light bo 
not very largely composed o'" yellow rays, but merely have tliom 
in preponderating number. Oddish and bluish violets become 
duller and redder, losing a port of their blue. Blue itself, when 
pale, becomes paler, and inclines towards a gtoonish blue; while 
dork and rich blues lose somewhat in intensity and parity. If, 
instead of white light tinged with yellow, wo try tho effects of 
yellow light aooompauied by a small amount of white light, tho 
effects are still more decided. 

The following is^n the main Chevronl’s list of the modifi¬ 
cations esporienoed by various ooloured surfaces, when viewed 
in coloured light nearly pure, or in a dim diffused light with an 
intense ooloured direct illummation;— 
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nio above results were originally obtained by Chevreul by 
exposing pieces of coloured cloth to diffused daylight, and 
illuminating half of each piece also by tho light passing through 
glasBOs of the several colours named. Tho effects ore con¬ 
sequently imrtly due to contrast, and are only true for tlio 
special coiiditious of the experiments performed. They, how¬ 
ever, give us some notion of the various directions in which 
different coloured lights affect the colours of objects already 
moderately, illuminated by diffused daylight. On this point see 
further the statements given under § 4 below. 

§ 3. In couridering tho effects on coloured surfaces of yfillow 
light wo have in point of fact considered the effects of tho light of 
gas, oil lamps, and candles upon them, for all tlie ordinary kinds 
of artificial light possoss a supcrabundauoo of yellitw rays. I'his 
propouderauco is leas marked in the case of iiaa-alfin oils and 
Solid paraffin caudle, the light of which, though for from white, 
is not 80 yellow ns that emitted by burning stcarine or tallow. 
By the side of objects illuminated by direct daylight, which is, 
wo know, slightly reddish, tho light of a candle, though really 
yellow, may appear orange, while direct sunlight itself may, by 
contrast, appear positively violet or blue. Now the general 
results of tho yellow illumiimtion of artifioiaJ lights upon 
coloured surfaces may be learnt by reference to tho table given 
above, but it may be interesting to give in fnller detail one 
particular and familiar instance of the sort of effbot thus i;ro- 
dueed. We allude to the strange effect of artificial light in 
altering tho colour of certain violet colours, and of bines which 
possess a tinge of violet. Take as an example tho precious stone 
known as tho ajnetliyst. A good specimen ef this mineral 
presents by daylight almost the same tint as that of the flower 
of tho violet, but at night, illuminated by lamp or candle¬ 
light, it loses much of its bluoness, and acquires so distinct a 
reddish hue tliat it might be mistaken for a red garnet or 
carbuncle. Tl)is change is due to tho deficiency of blue in 
the artificial light, while ordinarily tho red of those stouM ia 
annulled partially by tho greenish-blue element of daylight. 
A similar instance of a change in colour hos been observed with 
S(Mao sapphires. The sapJtiT in tho Hope Collec¬ 

tion, South Kensfegton Mnsoum, presents a clear blue tint by 
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daylight; bnt by candlelight it appoara violet. Certain flowers 
show a atill more ouriona property. The flowers of the Tiper’a 
bngloes (Echium vulgare) and of the mar^ forgot-mo-not 
{Myo$o1/is palugti-ia) are roae-oolonred in the bad and when tboy 
begin to open, bnt afterwards, on fnlly expanding, become blue 
as viewed by daylight. By artifioial light, however, the change 
appears not to have taken place, at all events, to any groat 
extent, smeo a spray of one of these plants thus soon by eandlo- 
ligAt shows its buds rod or rose-ooloured indeed, bnt its fully- 
opened flowers ore not blue, bat only pink or a pale purplish- 
red. Tho diflforenoe between red and a blue verging on purple 
is thus partially annnllod. So, also, as regards blues and greenaj;. 
the ordinary green and blue pigments, with very few oxcoptions 
(p.g. aniline green), are hard to distinguish by candlelight. 
Those blues wMoh verge on green do so, of course, by tho special 
absorptive power which they possess for tlie yellow, onuigo, and 
red rays, and "their power of reflecting tho green, the blue, and 
the violet. Now, os candlelight is dcfioieiit in blue and violet, 
tho 'green of theso blue pigments then coi&es out in unusual 
force. Such serious ohanges are experienced by some bines 
under artifleiiU iUnmination that it is often advisable to substi¬ 
tute green for blue in colour-combinations which ore to be viewed 
at night by gos or candles. Tho triad red— yellow—green becomes 
under such cirenmstances superior in effect to tho triads red— 
yellow—ullramarinc blue, and crimson — yeUow—Prussian hbic. 
So yellow, to be seen well and cffoctwcly by candlelight, must 
incline towards orange or a golden hue ; but white, on the other 
hand, it it bo meant to appear white, must by no means be 
tinted with a shade of bine, with the intention of purifying it, and 
neutralising the yellowness of the illumination on tho material. 
This plan in daylight is effeotirc, bnt by candlelight dulls tho 
brilliancy of tho white, by tho absorption of certain rays of light 
which, it causes. 

§ 4. A double illumination, where the lights are of different 
quality, produees some striking offoots of contrast. Such 
effects are often seized upon and reproduced, within varying 
degreoB of fidelity, by those artists who delight in painting 
forges, candlelight scenes, and conflagrations. In order to study 
the conditions and effects of double UluminationB, the following 
experiment may be mode. Place a sheet of pure white paper in 
such a position that it may be illuminated at the same time by 
diffused daylight and by the light of a candle. Now arrange 
on opaque rod vertically, so that it may throw two sliadows 
upon tho paper. Tho shadow thrown by tho daylight will bo 
tinged with yellow, while that produced by tho candle will bo 
bluish; tho doubly illuminated surface being itself wliite. Now 
we have before pointed out (see § 8 above) that candlelight 
possesses a superabundanoo of yellow rays, and is* therefore 
more, yellow than the light of day. In consequence of this, the 
shadow of the rod, os cost by tho light of tho candle, and illu¬ 
minated therefore only by candlelight, appears yellow. Con¬ 
versely, as the Ught of day is bluish compared with that of a 
candle, the sHadow of the rod os cast by the light of the day, 
and illuminated therefore only by daylight, appears blue. Of 
course tho contrast between the colours of the two shadows is 
enhanced in accordance with the laws of contrast, as previously 
pointed out in Lessons Y. and VI, Similar reanlts aro met with 
every day in the case of objects illuminated at tho same time by 
a natural and by on artificial light. Tho lamps of a church may 
illuminate some parts of tho furniture and floor with a yellowish 
light, overpowered and contrasted in other parts by tho tijipa- 
rently purplish light of day. A remarkable effect of this kind i.s 
seen when strong snnligM illuminates a room through a window 
partly sorooned by a yellow or bnff-oolonrod blind. Hero the con- 
trust and relattvoDOBs of the oolonrs seen become very distinct. 
The light transmitted through the material in common use for 
blinds of iluB sort is of an orange tint, and it will be seen that 
the direct rays, escaping filtration through this medium, aro of 
a beantifal reddish-purple colour. More compUoated effects of 
tho same nature may be observed in the cose x>f stained glass 
windows. The simplest case of this kind that we can recall 
just now is, po^apB, that of windows glaz^ with a polo 
greenish glaM, bat bordered wiib strips of wUte glass, when 
the latter wiU appear piukiBh under some cemditionB of natural 
illummation; Tlie effect , hi^ is, of course, not wholly duo to 
the preper or intrinsie eolonr of tho daylight, but to the effect 
of complementary oontmst between the grbije glass admitting 
the natural rays almosiluiaitsred, ajid the greeniaii glass which 


very matcriaUy affects them. But tbs most magnificent''and 
beautiful effects of this order ore to be watched in the pheno¬ 
mena 0 ^ sunrise and sunset. When a rangfe of distant moun¬ 
tains is seen against the sky about the time of sunset, the 
offoots produced may be readily explained. If the sun be 
sinking behind the mountains, tlio shadows which it casta will 
bo illuminated moderately by soattored and reflected lights of a 
blue or bluish-violet hue, produced by the minute partiolea 
disseminated throughout the atmosphere. Theso hues will be 
to a certain extent real and objective, derived from tho pecu¬ 
liarity of tho light itseK, and tho colours of tho objects and 
surfaces which it discloses. If theso objects bo pfrey, as many 
rocks, or white, as snow, then the blue or violet hue will be 
distinct, but it may bo modified by the local colouring of tho 
rocks or trues of tho landscape. Still further, it will be changed 
or intensified by sabjootivo contrast with the uolour of tho sky, 
for tho light from tho sky will reach an ob.scrver' modified by 
its passage tbrongh a turbid medium, tho air, and it will thus 
be yellow, orange, or red, according to tho amount of blue, or 
more refrangible rays, which it cuts off. So the sky near tho 
western horizon will often bo of an apple-green colour, with 
clouds of greyish-purple edged with scarlet, all these variations 
being produced by the decomposition of solar light by its passage 
through a medium which is not perfectly transparent, and tho 
consequent conveyonco to tho oyo, in varying iiroportions, of 
lights of liighcr rcfrangibility which have been reflected, and of 
lights of lower rcfrangibility, wliicli, escaiping comploto absorp¬ 
tion, have been transmitted. 

Hitherto we have regarded the colonrs of objects as they aro 
modified by the quality of tho light which falls npon them. Wo 
liavo to study in tho next place the influence of the structure, 
surface, and material of tho objects themselves upon their 
apparent colours. 


MINING AND QIJAllIiyiNG.—III. 

By GEOROB GI.AU3T0KE, F.C.S. 

COAL. 

DIFFKBENT KINDS OF COAL—ANAI.VSIS—HEATINQ POWER— 
Il.LOMINATINO POWER -BORINO FOR COAL. 

AiiTHOtJOH by far tho greater part of all coals consists of 
carbon, the various kinds of cool possess very different quali¬ 
ties ; and it is necessary to keep these distinctions in mind in 
order to select the most suitable doscription for any given 
purpose. 

At one end of the series is the anthracite or non-bitnminous 
coal, and at tho other oxtromo tlio caimol, which is used for 
making gas and illuminating oils. Between theso are sovoml 
varieties more or loss bitnminons. 

Anthracite is principally mot with in the wostom portion of 
the South 'Wales coal-field, and in Ireland ; but it occurs to a 
limited extent in other districts. It is very hard and heavy, and 
is often called “stone coal.” The specific gi-avity is about 1"37, 
being about the heaviest coal known, excepting impure speci¬ 
mens containing a largo proportion pf mineral matter. Tho 
consumption is not very large, as it will not burn in open grates. 
It is used in some factories beoanse it gives off little or no smoko; 
but it requires so strong a draught, and only bums at such a high 
temperature, that it is voiy dostruotivo of tho fumaeo-bars. In 
the Swansea valley it has been used for iron-smelting, and on ' 
account of its general freedom from sulphur is very suitable for 
tho purpose; bnt oven in tlio blast furnaoea it does not bum 
readily. Tho Pembrokeshire anthracite is highly prized by 
maltsters, to whom a coal perfectly free from smoke and sulphur 
is most important. ' * 

The semi-bituminous or stoam coals oome next in order. 
They do not light np readily, but they contain a largo peri 
contago of carbon, and give out a great deal of heat in propor- - 
tion to their bulk. The best South Wales descriptions have 
also the advantage of maJung but little smoko; but they are 
more tender, and will not bear shipment to hot dimates so weE 
as the Newcastle steam coal. The hard splint coal of Scotland 
ine.y be classed with these. In many pl^a tho latter is em¬ 
ployed by iron-amelters witbont being first converted intq^oke. 

The free burning or biisimmouB coals are the most fandliarly*' 
known, brightly in an opeq stopre, and are approved' 
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u the best houmhold coals. They gi'^e oot a yellow flame, and 
» oonmdomble amomit of smbke, but do not {iroduco so maoh 
heat as the preooding. They often cake together as they bum, 
and yield an excellent ooke. 

The last in the series axe the oanncl coals. They occur, 
principally in the Scotch, Lancashire, and Flintshire coal-fields. 
Unlike other descriptions they break with a couchoidal fracture, 
and more resemble an opaque blackish resin than a truo cnaJ. 
When sot fire to they flaro up with a whitish flame, and have 
been used as a snbstitato for candles—^hencu tho name. Tho 
beat descriptions of cannel are the lightest coals known in this 
country, tho apooifio grrftvity of tho Boghead being as low as 
I’lS. Ihoy are used in gas-works, being very rich in hydro¬ 
carbons. By distilling at a lower toinperaturo, ihey yield 
paraffin, benzole, and illnminatiiig oils, as well as a variety of 
othor useful r)rodaots. 

It may gcncmlly bo pnt down that if heat be tho object 
desired, the coal most suitable will be that which is richest in 
oorbon; but if illuminating power ho required there must bo a 
certain proportion of hydrogen in combination with tho carbon. 
These arc not the only oonsiderations, however. No coal con- 
sists simply of tliese two substtuices. There is always more or 
less mineral matter, which is generally usoloss, and often delo- 
torions. Sulphur is a very common ingredient. On examining 
minutely almost any coal, small specks or threads of a bright 
yellowish mineral may bo detce.ted, called hrnsses by the miners. 
Tlioy are pyTil.es, or Bnl]ihuret of iron. Tho worst pieces are 
picked out when tho coal is brought to tho I'it’s mouth, but 
Bomotimos they escape notice, lu an open fire they split with 
oonsidorablo violence, and are thrown out, or produce tho dis¬ 
agreeable sensation of burning sulphur. In a close fnrnacotlicy 
exercise an injurious effect on tho ironwork and fnmaco-bars. 
It is still more objoclionablo in gas-works and blast-furnaces. 
In well-regulated e.st<ablishnu!nt8, therefore, it is customary to 
analyse the coals, not merely for tho sake of calcnlating their 
heating or illuminating power, but also to asoortain precisely 
the runount of sulphur they may contain. For use on ship¬ 
board, economy of space has also to be considered, os well as 
boating power; and a very extensive series of investigations has 
boon made for tho Admiralty, in order to determino which coals 
are best snilod for II or Majesty’s steam navy. 

The following analyses, taken from tho Admiralty lists, will 
servo as spooimciis of good steam cools, tui anthracite being 
pnt at tho bottom of tho table by way of comparison :— 


Nahe of Coax. 

Si? 

P 

Cka. 

WS3 

g|' 

J! i, 

C V 

A 

&s 

S A 

% a 

9l>gf 

So 

B 

H k 

o ^ 

k4i4 

sa 

aO 
a fe 

«> 

JSp 

WO 

< k 
« 

Sbbw Yalo .... 


1*27 

89-7S 

5-1.5 

2-16 

0-39 

1-02 

1-50 

Duffryn. 


1-33 

88-28 

4-(i6 

1-4J> 

0-60 

1-77 

.‘J-26 

Nixon's Merthyr . . 


1-31 

DO 27 

412 

0-63 

2-53 

1-20 

1-25 

Gnjgola. 


1-30 

84-87 

3-8 i 

0-41 

7-10 

0-45 

3-24 

Uangennech. . . . 

. - 

I'Sl 


t-20 

1 07 

2-4-4 

0-29 

6-51 

Average of South 'Welsh 

1-30 

87 73 

4-39:1-14 

1 

2-63 

0-91 

3-16 

Haswell. 


1'28 

83-47 

8-88! 1-42 

8*17 

0-06 

0-20 

West Hartley . . . 
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Welsh Anthracite .... 

137 

191-44 

3-48 

0-21 

2-58 

0-79 

1-52 


Of the South Wales coal it will be remarked that their 
Bpeolflo gravity is high, that the first throe are superior to tho 
other tvro in quantity of carbon j bnt that while the two latter 
0*0 dofleigBt in this respeot, and leave to<x mnch ash, thej' have 
the advantage in freedom from sulphur. Of the 


descriptions the Haswoll gives the best results. Of the misoel- 
laneoue list the Elgin appears the worst, having a low speoific 
grravity, and an unusual quantity oi ash, which indicates a low 
heating power. The Bushy Park, too, has on excess of ineom- 
bustible matter. 

An analysis, however, is not sufficient of itself to settle tho 
relative merits of different cools; and acoordingly an exxieri- 
mental boiler was sot up in which they wore practically tested. 
The following are tho average resnlts arrived at—being tlfc 
number of pounds of water evaporated by one pound of fuel; 
B the number of pounds of water evaporated per hour; C 
the number of cubic feet occux>ied by a ton of ooal; D the 
per-centiige of large coals :— 


CcAl,. 1 

A. 1 

B. 

c. 

D. 

Soulli "WelBh . . A j 

9-05 j 

448-2 ! 

12-71 

. 60-9 

Knwcosth* .... 1 

8-37 1 

411-1 

45-30 

! 67-5 

LancuKhiro. . . . i 

7-91 1 

417*6 

45-15 

1 73*5 

ScutuU 

7-70 

431-4 1 

49-99 

, 73*4 

Durbyslnro. . . . ' 

7.58 

432-7 

47*15 

i 80-9 


From those figures it appears that the South Wales cool is best 
in Tcsi>eet of evaporating jxiwer, but worst in point of durability. 
The lost column is of particular significanco when coals have to 
bo sent out to distant naval or mail packet stations, as tlioy 
frequently lie there for many months eijmscd to the weather, 
during which time a tender eoal will crumble away so much as 
to bo almost worthless; tho result being that it either chokes 
up tho fnrnooos or iiasscs through tho fire-bars before it is 
entirely consumed. 

In dealing with tho cannel coals, the principal points to bo 
considered by tho analysts are, the amount of volatile matter, 
and tho freedom from sulphur. The following are specimens 
of some of the host from the Scotch coal-fields 


CXSIiKt. CoAt. 


Bo;;head (brown).I 

i>u. (black).I 

Torbanohill. 

l/esbmabagow (Aucbinhoatli}.l 
Do. (Southfield)... I 


Volatile Mutter | Sulphur 
per Cent. per Cent. 


71-06 0-2* 

C2'70 1 0-35 

C711 : 0-32 

5<i'23 0-55 

4if31 ! 1-35 


In actual product of illuminating gas, some of tho principal 
English and Scotch cools may bo enumerated:— 


Scotch. 


TjUncaslure. 


Kowcnstle. 


i' lloRhead ..... 

1 LeshmahoBow . . 

I Uapeldroo. 

^ Wcuiyss. 

tVttcnn. 

( Felton. 

i Felaw. 

; FcIaw Main.... 

/ Goeforth. 

\ Dean’s Primrose . 


I. 'i.OOO cubic feet of gas per ton. 

13.500 
l-t,400 

U,300 „ 

II, 400 „ 

11.500 
11,.WO 
12,400 

10,000 „ 

11,100 ,. 


Wo most now turn to tho various operations oonnoctod with 
coal-mining itself—an industry which, for many obvious reasons, 
when it is remembered that at present this country is the chief 
coal-producing counlry in the world, must always be attended, 
with peculiar interest to English readers. To the coal that 
lies in such vast masses under the surface of our soil must ba 
attributed tho chief share in raising our importance as a 
nation to its present height, for without it wo could never have 
Oittainod the eminence vro now possoBs as a roanufooturing 
country, or have betm able to utilise other valuable sources 
from which much of our woaltiii is derived. 

The first stop is to explore tho g^round, in order to ascertain 
what seams there are, their course, thioknoss, and whether 
disturbed by faults (or troubles, as they are often called by the 
miners). Upon a careful determination of these.points mnoh 
of the future sucooss of the colliery depends. In hilly distriote, 
or whoi-e the strata are very highly inolined, tho scams may be 
sometimes traced at the snefoco, and a very slight exwvatjoa 
will be sufficient to enable one to ealoulate the angle of of 
the boite.. So far the iayestigation is easy enongh, birt »t does 
not foUow that it continues uninterruptedly, or in ue same 
piano throi^fh thp. mountain. In tho more ordinary mstanoes 



























80 


THE TBOHNICAL EDUCATOE. 


the ooal soamB are aome diatanco below the aurface, and they 
can only be mapped ont by an elaborate ayatem of boiinga. 

Kg. 6 ia an imaginary aectdon of a ooal property. The strata 
hare a general dip from east to west of about 1 in 5; bat tho 
position of the coal seams, roproaented by tho letters A, u, c, d, 
lias yet to be asoortoinod, in order to determine whether they 
are worth working, and which would be the best point for aiuk- 
ing the abaft. A trial by boring might be commoncod at No. 1, 
md at o depth of say forty fathonUi the double seam a would 
be pierced through. Calculating the dip at i in 5, this acam, 
then, should crop out at tho aurface at about 20U fathoms oast 
of No. 1. In order to make pretty sure of cutting tho aume 
seam again, allowaucea muat be mode for any diirercnco in tho 
lerol, and for broken ground at tho aurfaeo, ao that tho next 
boro would be made at-a aomewhat leas diatanco, say at No. 2. 
Thia one TeaUaea tho expeotation of tho borer: it cuts the 


fire fathoms lower than at b, and at c ia only fonr fathoms lower 
than at B, the borings being at 100 fathoms’ distance from ono 
another ; extend tho lino b o to D. Then as the differouoo 
between the respective depths of b and c (four fathoms) ia to 
^ho distajuoe between them (100 fathoms), ao is tho difTorcnce 
between the deptlis of B and A (live fathoms) to r, a point on 
the line BCD. As 4 : 100 :: 5 : m or 125 fathoms fi’om b. At 
r, then, the depth will be the same as at a ; a line joining these 
two will bo upon tho level or piano of stratification, and tho.^uo 
dip will be at right angles. ' 

It is tho object of tho borer so to arrange his work as to gain 
as much information as possible without going to a great depth, 
as tho cost per fathom increases rapidly as you go deeper. Ono 
boring of eighty fathoms is more costly than throe of forty 
fathoms ouch. 

Tho tools employed, and mode of working, must now bo de- 


double seam a near the surface, and 
at about sixty fathoms it oomos 
ux>on another seam, b. The ground 
is thus proved to bo regular between 
those two borings, and b may be in¬ 
ferred to pass under No. 1, at a depth 
which can bo easily ooloalaied. A 
third boring would then be oom- 
menoed at 3, with the expectation 
of cutting B near the aurface; 
but here the workman is disap¬ 
pointed, and he bores down for 
about sixty fathoms, when he comas 
upon a thiek coal seam, c, evidently 
a different one from either of tho 
others hitherto disooverod. He 



scribed. 3'bo ordinary cutting in¬ 
strument is a chisel of the host hard¬ 
ened steel fixed to an iron rod which,, 
can bo lengthened indefinitely by 
screwing on other rods os reejuired, 
each joint being provided with a mole 
screw at one end and a female at 
tho other, tho top joint of all having 
a head to it thrungh which a cross¬ 
bar is passed. Tho workmen toko 
tho cross • bar and go round and 
round, by wliicli means tho chisul 
gradually cuts away tho stone, and 
tho rod sinks deeper and deeper iii'. 
tho bore-hole. At first tlie work 
is light, hut with tho addition of 


knows by this that thero is a dislocation somewhoro between 2 fresh joints the rod hecomoa very heavy, and tho pressure has 
and 3. Again he tries at 4. At first ho pusses through rock of to be eased. For this purpose a pulley is fixed above tho head, 
the same ohoraotor as that overlying C, but suddenly it changes, and a rope, attached to a windlass, is passed over tho pulley 
and he finds himself again in'unknown ground j but boring on and fastened to a ring in tho bead of the rod. ' Thia machinery 


he comes to another double seam, d, apparently not tho same 1 also oomos into roqaisitioii in drawing tho rods, whioh bos to 
as A, tho size of it and the nature of the accompanying rock , be done periodically, in order to ascertain the nature of the rock 



both being different. He tries again at 5, and outs tho seam D whioh tho bore is passing through. 'The sludger is tiartly hollow, 
at a lower level thau he ought by calculation, while, it will be and has a valve in the lower part, opening inwards, wldoh re- 
observed, he has missed 0 altogether. These five borings, coives the mud produced by the grinding of the ohiscl, and is 
then, will noi be sufficient to enable tbo borer to make a thus brought to the surface. The samples thus periodioally 
oompleto section of the strata, but ho has, nevertheless, ascor- brought up ixro carefully preserved in bottles, and their depth 
toined tlie vwincsipal features. Having struck d twice, he can reoardod, experienced borers being able to tell from the appear- 
caloulate whore o will bo found between 4 and 5. He has ance of the mud the character of the different strata they pass 
proved that in tho neighbourhood of 4 there is a downthrow through. Wlieu approaching a coal-seam, this has to be con- 
of about twenty-five fathoms, though he does not know tho stantly attended to, as it is only thus be can measure the thick- 
pceoise angle of the fault. In like manner he knows that there ness of a seam when he oomos to one; and wilffiout determining 
is another somewhere between 2 and 8, bnt be has not asoer- that point acouratoly bis explorations wordd be of little value, 
tained its exact position or extent. Of the position of the There are chisels and other tools of diff(&ent shapes which are 
seams c and d, to the west of this fault, he knows nothing at found nooessary at times; and Bometimes, espooially iff drap 
present. Ptactioally tho explorer usually gets a good deal of borings, the rod is liable to get bent or broken, in whioh'<nse 
information ftpm a study of seotious displayed in neighbour- other implements have to be used to extract it, occasionally a 
ing collieries; and thus he may bo able to complete tho souidon, matter of no little difficulty. The rods ore usually made of tbo 
having by bis own bdring^ established so many points. best tough Swedish iron, about an inch and a quarter in dia- 

In the preceding instoneo, the plane of the stratifioatiou or meter, the edge of the catting chisel boing about three inches 
line of dip ia supposed to have been already known. But wide. The rods are made of uniform leng&, so that they servo 
that has often to bo asoertainod, winoh is done by making the as a measure of the depth of the boring, 
third here at aurii a point as will forp with the two otBors an The eoal-field being thus tested, the next artiole vdB proceed 
equilateral ttisngle (see Eig. 7). Suppose the ooal seam at A is to describe the plan W be adopted in opening ont the mim.* 
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THE STEAM-ENGINE.—IX. 

B7 J. M. WiQitSB, B.A. 

SINQLa-ACTINa BKaiNX—KOH-COMSBNBINa XNQIKB—^DOUBLE- 
CTUKDBB BNaiNX—^HOBIZOBTAI. BNOIMBB. 

Tbb engine whioh ve have deeoribed and figured in the last 
axticle, thoagh not of the form most commonly employed, may 
be taken as the beat type that oonld be ohosen 
to exhibit the generid prinoiploe on whioh all 
eng^ee act; and for this roaeon it woe de- 
Boribed first. In the present paper we propose Fig. 3(1. 
to consider the principal modbioationa of this g ^ 

typo which are int^ueod into stationary 
land engines. Marine engines and looomo- X I - 

tires will be noticed in a sucooeding paper. 5^= [ 

In this) engine the piston, it will be ob- ' ' 

served, is moved in both directions by the 
force of the siteam, whioh is admitted alter- 
nately to either end of the cylinder. It is J 

/therefore known as a double-acting engine, ' 

and nearly all engines are thus made. / / /I i 

In a few oases, however, the steam is only 
mode to force the piston in one direction, and H/ / w 
a Gonnterpoiso is affixed to the other end of 
the beam so as to draw the piston back again 

to the end of the cylinder from whioh it origi- | - ^ 

nally started. This was the kind of engine [ fj/Ps | ! , 
first introduced, but it has now quite gone out I 
of use, except in a few special cases in which 1 i I 

nqprly all the work has to bo performed while ■ j ;, 

the piston is moving through the cylinder in I ^. 

one direction. I ;'. 1 i 

Many large pumping engines are of thin t m / 

class, and these are often required for raising , ^ j.., . 

water to supply towns, or in mining districts 
to keep the mines dry by removing the im¬ 
mense quantities of water which .. 

find [their way into them from 
land springs. ' 

In the latter case a series of ^ 

cisterns are placed in the shaft a* 

of the mine above one another 
at mtervals of about thirty feet, I 

and a pump forces the water j » IS 

from each those into the one I K 

above it. These pumps are I ^ 

usually made with heavy solid H 

plungers which ore raised by the ' 1 11 4 k 

engine, and then fall by their ,1 

own weight, thus forcing up the I , 

water. In this way all the strain I " 

on the engine is daring Uto in- L g 

terval that the pump-rod, to ^ 

which all tile plungers ore at- nH ' ^ 

taq|iod, is ascending: a single- 11 

actmg engine, therefore, will 11 d H 

answer every purpose. an m 

Fig. 35 gives us a sectional Iff M 

view of an old form of engine of 

this class, and shows its action. ' g m iiJlLiiij 
' The beam-ends here are arched, 
and the rods connected by oholns, 

tfae inTention of Watfc a *paitillel - 

description 

of the double-acting engine in ’ ' 

our last paper, the way in which 

this is driven by the steam will vor^ easily be understood 
without any lengthened description. T represents the pipe by 
whioh the steam enters from the boiler, and when the valves 
ace in the position shown in the figure it acts directly on the 
upper side of the piston, forcing it down, and thus raising the 
pump-rods' and the counterpoise q, whioh ore attached to the 
other end of the beam b b. * 

All the valves are tappets, and are attached to the valve-rod 
■d, so that they sll move simultaneously. The rod d is jointed 
near its oentro to a bent lever d eh, hinged to a support at 
■cfi the end h is made into a ring through whioh the tappet-rod 


jS.’SssS. ■- 

- -J 


7 passes, and the tappets h and a on this move the lever at 
the right momenta. There are three valves on the valve-rod; 

{ the upper one, m, regulates the entry of the steam to the 
upper end of the cylinder; the lower one, e, governs the oom- 
munioation of the lower end with the oondenser, n ; while the 
middle valve, ti, serves to establish a.oommunioation between 
the two ends of the cylinder, and is known as the equilibrium- 
valve. In the position shown m is open, so 
that the steam is pressing the piston down; 
o is also open, and through it the lower oifd 
^ of the cylinder communioatos freely with the 

2 } condenser. When the down stroke is nearly 

w “"lil ^ completed the valve-rod is lowered by means 

! of the stud h. The result of this is that ♦» 

I 1 1 and o are both closed, so that the cylinder is 

Ij I i • now cut off from both boUer and condenser. 

I ' '! 'J'he equilibrium-valve n is, however, opened, 

and by means of this a free pas.sage is made 
< for the steam to pass from tiio upper end «f 

I the cylinder to the lower. By this all steam- 

ji i pressure is removed from the piston, and it is 

J_J V rJip loft perfectly free; the weight of the rods 

—Ti y and counterpoise, therefore, raiso it again to 

t . .. cylinder. In doing this the 

® valve-rod d is raised by the lower tappet, and 

—!!- ; thus the steam is again allowed to act on the 

' , piston, and causes it to make another descent, 

j ! ; and in this way the motion is sustained. The 

: ril i weight of q is, of coarse, made to bear a due 

.>|h proportion to that of the piston and rods; in 
': I; some cases the rods are quite heavy enough 

; ‘ without any counterpoise at all, and it is then 

; ! dispensed with. No fly-wheel is necessary in 

.i|%i this case; it would, in fact, be a hindranco 

.rather than a help, since the action of the engine 

is not uniform, nor is it required to bo so, 

U ™ Though single-acting engines 

| are frequently used for pumping 

w nm purposes, we must not imagine 

M that none but these are so om- 

ployed. Many of the bettor 
jil pumps are made double acting, 

^ so that the water is raised during 

* stroke of tiio plunger, and 

S I with these a double-acting engine 

a I’ig. :J.'> i 1®> course, required. A fly- 

K B wheel is, however, unnecessary. 

^ Pn since there is no special need fur 

K Is uniformity of motion. Some 

ip I lilQ of the largest engines in the 

S , |||H^ world are those used in Cornwall 

V ill drainage purposes in conuec- 

Kpi tion with the extensive mining 
8 operations carried on in that lo- 

1 cality. In these engines, as a 

rule, economy of fuel is carried 
to the greatest extent possible. 
This partly arises from the plan 
already alluded to of registering 
and publishing statements of the 
work accomplished by each engine 
ns compared with the fuel om- 
B ployed, and i)artly from the fact 
fjjjsj that they are worked with steam 
at a very high pressure, and out 
off at an early part of the stroke. 
This, of course, produces some 
irrogrularity in tho movement, but with a pumping engine this 
is by no means material. 

Both tho engines we have dcsoribod arc condensing, ‘or, os 
they are frequently called, low-prossnro ongines. The latter 
term, however, is not strictly accurate, since condensing engines 
are very frequently worked with steam at a high pressure. The 
strict division is into condensing and non-eondensing engines, 
but tho other terms are frequently used, and if we bear in mind 
that they are used almost synonymously no inconvenience will 
aris^ 

Cossiderablo saving is, as we have seen, effected by tho use of 


roL, II. 
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» oondeiiBer, since nearly the full proEsure of ibe steam is trans¬ 
mitted to the workinff beam, and thas to the maohiuery. The 
advantage prodaood, hoirevor; is not all clear gfain, since the 
ooadonser with its attendant pumps oocupies much space, 
and thns adds considerably to the prime oost of the engine. 
Besides this, too, a certain portion of the power of the engine 
is oonsnmed in imparting motion to the cold water and air 
pumps. 

In many oa.sos tho spaoo available for an engine is bnt limited, ' 
u9 then the additional room required for tho condenser and its 
arrangements is a serious drawback. Hence wo find that very 
often this part of the engine is entirely omitted, and tho steam, 
instead of passing from tho exhaust into tho coudonser, is allowed 
to escape directly into tho air. Tho first consequence of this is 
clearly a considerable loss of power, for tho exhaust side of tho 
piston is now exposed to the air, which thus is allowed to exert 
its fail force on tho side of the piston opposite to that on whieii 


i sure. In these cases the steam first enters the high-pressnre 
I cylinder, and having accomplished its work there, posses 
through the exhaust to tho other cylinder. This latter is fitted 
with a condenser, and thus the steam as it loaves the first has 
quite sufficient force to work the piston in the second. Fig. Sfi 
represents one form wluoh is sometimes given io on engine of 
this construction. The high-pressure cylinder here is firmly 
secured to the cover of tho otlicr, and tiio steam passes from 
the exhanst to the valve-casing of tho lower cylinder by a pqie 
seen behind it. Sometimes both pistons are fixed on the some 
rod, a well-made stuffing-box being placed between tho cylinders. 
'I'lus is, however, very awkward to get at when placed thus, and 
to obviate tho difficulty, two piston-rods are often fixed to the 
lower piston. Olio of these passes on each side of the upper 
cylinder, which is of smallor diameter than the lower, and above 
it there is a cross-head to which all three piston-rods^o fixed, 
and this imparts nioiion to the beam. 



the steam is pressing, and this foreo has to be overcome before 
tho piston can bo moved. The working force, therefore, ^ only 
the excess of tho steam-pressure over that of tho air—that is, a 
deduotion of nearly 16 {lounds por equaro inch has'to be made 
from Uio pressure of tiio steam when ooloulating the actual 
power produood. 

It is clear from this that in non-oondonsing engines steam 
must bo employed at a higher pressure than is required in 
one that has a condenser. The least pressure that will suffice 
is about 20 or 22 pounds, and nearly always it is considerably 
'greater than this, for as the pressure increases the proportional 
loss caused by the opposition of tho air becomes less. In 
most instances, however, the smaller bulk and greater con¬ 
venience of a non-oondensing engine render it the most ad¬ 
vantageous form. The steam, when, it csoapos from tiie exhaust, 
is, however, ^ten utilised in some way so as to prevent the 
total loss of the heat which is stored up in it. Sometimes it is 
employed to warm the feed-water, or to heat a drying closet, or 
in many other waysl 

Some large engines axe now constructed with two cylinders, 
one of which is worksd siba hl|^, and the other at a h>w px8s^ 


I The rods which work the slide-valves oro likewise joined to a 
! small cross-head placed above them, and thus both are worked 
I mmultaneously. In tho engine hero shown, two precisely similar 
i valves are used, but in other forms the arrongonSento are so 
i modified that a single compound valve governs the supply of 
tho steam to both cylinders. 

There is some diversity of opinion respecting the action of 
donble-oylitider engines as compared with those which have but 
one. At tho Kew Biver. Waterworks near London, two engines 
; wore erected some time ago of the same power, but one fitted 
j with two fylindors, and .the oihor with only one. Ilio perform- 
; onces of these have been carefully noted, and it is found that 
i with a given expenditure of fuel, as nearly as possible the same 
i amount of work is performed by each, so that it seems diffionlt 
to say which of those classes of engine is the more economioal 
and satisfactory in its action. 

The engines we hare figured and described hitherto have all 
hod a working beam, and this form is very frequently given to 
large stationary engines. It will, however, at once be seen that 
in nuuy oases on engine of tins oonstmotion would be quite 
adnaadbloi pinoe a ]arge%moimt of room is ooenided by it, iM 
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it cannot Tie moved at all from ploco to place. Besides this, 
in a small engine, tho force expended in moving the beam 
would bo a serious waste; hence in moat engines it is altogother 
dispensed with. In tboso which do not condense the steam, a 
cold-water pump is manifestly unnecessary, and wo have, there¬ 
fore, only to make some arrangomeut by which the piston shall 
impart motion directly to tins fly-wheel without tho intervention 
of tlio beam, and also to provide for the boiler being duly fed 
with water. 

Oceusionolly tho fly-wheel is supported directly over tho 
cylinder, a cross-head is then attached to tho jiistou-rnd, and 
made to move between guides so as to keep it in a perfectly 
vertical position, and a eonnoctirig-rod joins this to the crank. 
This is l.^^iwu as a “ crauk-ovcrheod engine,” but is lu.t very 
generally nsetd. Its great advantage is the little ground-spaeo 
it oeoupies. • 

't'lie most usual plan is to have tho cylinder hoTi7.outal (Fig.' 
fl"), and fixed to one end of tho bed-plate of tho engine, while 
the axis of tho fly-wlicc) is at tho other end. The lly-whecl i.s 
then hy the side of the bed-platc, and a slit is frequently out in 
the Horn- to receive its lower jiortion. Here, as m tho oiigiuo 
just dcserihed, a cross-head is fixed to the ))iston-rod, and slides 
between parallel slots in gnide-plates secured to tho bed, and 
thus lateral strtiiii on tho iiiston-iort is avoided. The eoimocting- 
rod is jointed with a pin to tl:-.! croas-hea'l, and hy this and tlio 
criwik the fly-wheel is put in motion. The eceeiitric is fixed, 
as usual, on the axis of the fly-wlieel, and. by means of u 
rod, moves the slide-valve, and tlius rogulate.s tho supidy of the 
sletim. 

Tho governor balks aro placed oji a special suiiport, and ore 
driven by an endless band and a .spur-wheel. The whole engine 
is, as will 1)0 scon from tho figure, very oompaet. Tho smaller 
pizn.s aro usually luadi* with all the paiis firmly flxeil to one solid 
bed, and iill lliat is requisite is firmly to secure this to tho eoii- 
ereto or uuisoiiry on which it rests. Sometime i a feod-fmmp, 
driven by an eoc<‘i)tric or crank-, is fixeil to the engine; but in 
many case.s, pei)eeially where a number of small engines are 
driven hy steam derived from one boiler, some other plan i.s 
adoi)t.e<l, and not unfrequentlj' a small steum-purup is in-ovi ’ 
specially to supply tho roiiniremonts of the hoihir. 


I At b draw tlio pcrpeudioular b e, and from e draw a line to 
' vrl, cutting tho lino drawn from d to vr2 in/; this will com- 
ploto the general block. 

From A' set off a'i-', and from n' set off b'e, equal to Hia 
' thickness of tho wall—shown on the plan. 

I From E and v on the iiieture-lino draw linos to Mr2, cutting 
I a' 6 in e' and k'. , 

I At E'jand f' draw perpondicniara, cutting D c in U and B. 

I Those will give the inner edges of the walls. 

I From K draw' il lino to vpa. which will give tho edge of the 
; top step ; and from u and U draw Uno« to viT, eutting K in t» 

I and n. 

I From I draw a line to Vi'2, cutting e' a in «.- this will give tho 
j front of tho lowe.st step. 

i From g draw a lino tv) vi’l, and from i' a line to vj'2 ; tliese, 

1 iiilcrscetiug in A, will complete tho tread or upper Burfaeo of 
! the lowest stci). 

I At A draw a peri)nndicular, and from o draw a line to vf2, 

' intc'rseeting the perpendicular h in t. This will givo tho rise or 
; front of the socoiid sti'p. 

j From i draxv a li)ie to vi‘l, and another from u to vv2; 
j these lines will ir)ter)-oct in j, and thus complete the .second 
! step. 

j From j draxv a perpondioulur, anil from I a lino to vp2, cut¬ 
ting tho perpendicular j in k. 

Fron) k draw a lino to vi'l. and from .r a line to vp 2. Theao, 
interseeting in I, xx-ill coiiiploto the third step; and a jxerpen- 
dicular, uniting nt and t, will complete the i>rojoctiun. 

Fxeiic'I.se 23. 

I Srnlc. j inch to the foot. Heij^ht of BiiCi’tator, fi feet distance, 

I 18 fwt 

A xdnue squai-e, tlio fiitlo of xvliicli is )I fort, lii's on the ei-ou-iu-planc, 
' xvilh lino ici-i) t*»u.,h)ue tho jiietii)-,-plaue at li feet t-n £ 1)0 le*) ol tlux 
Bpeeliiti-r; it.-, side.-i reeeilc .it ioi^iks cf uud do . (ii,o She i>er- 
spictive pvo,)octiou of the square. 

! ExEBCDiE 21. 

Ki'peat tho jpri'vioiifl exerciho, hut shuxv tho figure iliviil. d i.is fora 
' ilTaus'hl-huurd) lute bl bqiiai'is. t'uloiu- the dixisiuus altcraa’.i.l>. 

I Fxehcisk 25. 


niACTIOAL I’EllSl’ECTlVE.-Vlll. | 

ITas. 39, 4(1, 41.—Tho object of thi.s study is a block of four | 
stone steps, with a wall at each end can-led up to tho height of j 
tho nppor stop. 

Of this object, Rg. 39 is the plan and Fig. 40 tho end eleva¬ 
tion—tho wall in this being supposed to bo transparent, so that 
tho exact position of tho stops beyond it mu.y bo seen. 

Having found the vanishing-points and measuring-points, 
aceording to tlio angles at which the plan is placed, it is advis¬ 
able, in the first place, to put into iicrspoetivo tho eutii'c block, 
out oi xvhioh the whole object is, as it xverc, liexvn. 

Tho Htndont who has followed the course of lessons on Pro¬ 
jection will have no difficulty in undcTstanding that tho end 
elevation a c d e would stand on tlie lino a c of tho plan, the 
lino A D standing upright in A. Theroforo at A' in Pig. 41 draw 
the perpendicular A' D, and from a' aud D draw linos to vanish¬ 
ing-point vrl 

Rom a' sot off A' c' equal to a o in Figs. 39 and 49, and 
from o' draw a lino to mi> 1, which, cutting A' vrl in c, will givo 
the place for tho distant pcrpendionlar c d, and this will com- 
plolo tho general form of tho end elevation. * 

On tlie perpendicular a'd mark off tho heights of the steps— 
viz., 1, 2, 3—and draw lines from these points to vrl. 

Prom a' sot off on tho picture-line the lengths 1, 2, 3, repro- 
Bouting the widths of tho treads of tho steps, and from these 
points draw lines to mpI, cutting A'e in 1', 2', 3'. 

At 1', 2', and 3' oroot perpendicalars, meeting the linos drawn 
to- vrl from 1, 2, 3 on if D, and these intersecting will g.ve 
the inner and outer angles of the steps, F, a, H, i, j,'K. Now 
from a' d and d draw lines to tf 2 (this voni^ing-point is not 
Bho-wn in the plhte, owing to wont of apaooj. From a' set off 
on the plotur^Une a' b', equal to the le&g& A B in the plan 
(Kg.^9). , 

From B^ draw a line to hf 2, oatting the Ime drawn from a to 
TpSiah. 


\ iucli to the foot. ul fc-iicctAlor, 5 fuct; 

ir. foot 

l\it into ]iorsiicotive a rul»o, when ono of tlio nlpes {4 foot lu lea};:i1i) 
louchoH tlio ]Mctiiri'<phiuu at feet on the left of tUo tfpuctafor» and 
itB Bides rocoiio at 

Exekcise 2ii. 

lu tho saiuo picturr, »>+ 5 foot ou the i '.cht of the spectator, put iatn 
Iiorspectivu a cubical tipiio4f('ot sqiiaro :it its lnsf» »n<l 0 foot hitth* 
when one of its ed^CB tuueboB the picturo>p|ano, and its bhI .« rocvale 
i at 50^ aud 

' Exek.ci.se 27. 

The scale 1 b j iui-li to the foot, the height of the .spei-tator is 0 loot, 
!iix-l tho ihstinu-o 18 fi-ct. 

I’lit into poispcclivo the diviit-il vorlu-al Miiiiirc slioxni )u l-'ig. I& 
(Yol. I., page when its pluno is at f)U“ to tLo xuctiiro-plaue. 

*,* Till) stuilent is rtiiaiuilod tliiit the.hues xvliich m the figaie 
reforrcil to are clrixwu to the ccuti-o of the pif-tiire, iiiiist in tho presant 
cxi-ri'ise hetilmwn to a viuushiujr-poiut on the right siilo, mill that the 
lines ilrawn from i .) and i>, uislcnil of being drawn to the point of 
distance, must bo drawn to tbc lucasnruig-pumt. 

Exekcjse 28. 

All tbo conditions being the stiuio as in tho last exereiso, put into 
perspective tho ohjcct showu in l''is. Id (Vcl. I., page 3li5), xviieu the 
plane of the square side is at -to" to tho plane of the picture. 

Exercise 29. 

Scale, ^ inch to tho toot. Height of the spectator, C feet; dis¬ 
tance, IS feet. 

Put into perspective tho cross forming the subject of 1; ig 21 (Vol. I., 
page 888), when tho point o' is ou tho picture-line iil 0 feel, oi- the left 
of tho spectator, and when the sides of the ri-uta:uuig par.illi logKUB 
o' B and ^ E recode at angles of 30° and fiO". 

Exercise 30. 

Scale, height of spectator, and distance the same as in the loat 
exercise. 

Pat into perspective the block of stops shown in Fig 33 (VoL I., 
page S841, when the point B is at 7 feet on ilio Irft of tho sixectaUw, 
and when the object boi been bu rotated that the lino n k recedes from 
the picture-plane at 50°. 




84 


THE TECHNICAL EDUOATOE. 


%* Bemember that the aiitances 1', 2', 3', a" (Fig. 23) are found the oeatre of the picture as at C, and draw the perpendionlar 
by means of the meosuriug-polDt, instead of the point of distance, and from it for the lino of direction. It will be remembered tl^t as 
that sU lines which are paraUel to oaoh other in the object converge tijjg ropreaents not only the direction of the central ray, 
to the same point. distance of the spectator as well, its length will bo tho 

The object of tho next study is tho same as that in Fig. 33— same as that between the centre of the picture and the point of 
Tiz., a pyramidicol roof, resting upon four square piers. distance in Fig. 33. 



In the present case, however, the object is placed so that its At its lower extremity, s (not shown in Fig. 43), draw n lino ■ 
sides are at certain angles to tho piano of the picture, whilst in parallel to the picture-line ; and on it, on oaoh side of s, con- 
Fig. 33 they wore either j)a*allel or at right angles to it. struct angles similar to the angles b A 6 and c' A e in Fig. 42 j 

Fig. 42 is a portion of the ground plan, to show the angles at produce the lines forming the angles until they out tho hori- 
which the object is placed in relation to the picture-plane. zontal line. The vanishing-points 1 and 2 (not shown for want 

The height of the spectator and the distance in Fig^ 43 are of space) will thus be obtained, and from these, with the length 
the same as in Fig. 38. ^ extending from the*vaniahing>points to the station-pointtt, the 

Having drawn the picture-line and the horizontal line, plapo measnring-points may be marked on the horizontal line. 
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These proUminaries being settled, place the point V at the 
required distance on the loft or right of the line of direction, 
and from it draw lines to the Tani^ing-points. 

On each side of a' mark off a' b and a' c', and from b and o' 
draw lines to the measuring-points, cntting ^e lines a't, a' v in 
b and e. 

From b and e draw linos to the Tanishing-points, cutting each 
other in d. 

Then A'boe will bo the boundary of the plan. 

On each side of a'' set off l and J equal to the true width of 
the piers, and set off the same width s and L on the inner side 


Produce the perpendicular a' b until it reaches e, the distance 
B o ropresenting the real height of the pyramid. 

Now from f, the ^intersection of the diagonals in the plan, 
erect a perpendicular, and from o draw a line to the vanishing- 
point for the diagonal, cutting the perpendicular f in h ; then 
u is the perspective height of the pyramid. Draw eh, uii, 
and N H, which will complete the projection. 

Exebcisb 31. , 

Scale, i inch to the toot. Height of spectator, 0 feet; distance, 
14 feet. 



of B and C'. From I, J, z, and l draw lines to the measnring- 
point as far as the boundary of the plan, and thence continue 
them to tihe vanishing-points. These, crossing, will givo the 
ground-plan of the piers. 

Before the figure has become too intricate, draw diagonals in 
it, and produce the diagonsl a'd nntU it meets the horisontal 
line in TD, the vanishing-point for the diagonal, the nse of 
which will be presently seen. 

At a' erect a porpendioular equal to the full height of the 
piers, and from its extremity, x, draw lines to the vonlshing- 
pointe. 

From h and e ereot perpendiculars, cntting the lines last 
mentioned in k and k,' end from these points draw linos to 
opposite vanishing-points; these will complete the perspective 
view (ff the under side of the pyramid. The perpendienhas 
egm{deting the piers are to be drawn from the respective points 
ta the plo^ os i^own in soveral previoA studies. 


There is a structnro, consisting of— 

1. Four piers, 1 foot square at base, and 12 feet high, formin'; 

angle piers of a plan 8 feet square. 

2. A slab 8 feet square and 1 toot high, resting on the piers. 

3. A pyramid 8 feet square at its base and 5 A>et high, resting on 

the squsro slab. 

The edges of the pyramid and slah ore parallel to the sides of the 
square forming the plan. 

Put this object into perspective when its sides aro at 35® and 55® to 
the picture-plane, the nearest angle being on the picture-line, at 0 feet 
on the right of the spectator. 

Ezxbcisb 32. 

The scale, height of spectator, and distance the same as in the lart 

exercise. 

Put into perspective the same object when placed at 5 feet on the 
right of the speotator, and when standing on a block of stone 8 feet 
square at base and 1 foot Ugh. 
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WEAPONS OF AVAR.—IX. 

BT AN OnriCEB OP TBE BOTAI, ABTIBLEBT. 

EIFLBD QUKS. l<«% 

Th* increaaingr and ovor-active tendency to multiply the de- 
•traotivo cffectn of fire-arms, by inc.reaHUiK their ran^ and 
inrecision, and by supjplyiiig them with projectiles more and 
BBOre deadly and irresistible, naturally oporaleil to recommend 
the coiiTcrsion <>1‘ the smooth-bore niin into the rifled gnn, 
jnat as it had ennsod the anporscssion of Brown Boss by the 
Bnfiold rifle. Indeed, it iiiny be said that tlio introdnetion of 
rifled sin.all arms roii<lerod it not a matter of idioieo but a matter 
of n<)ee-:sity for the artilleryman to devc-lop the weapons of his | 
craft ill the same way, and, as far as iioEsibh-, in the same dopree. | 
Tf artillery was to hold ils jilni'O at all, it must mi-et tlie Knlicld 
ami the Minie rifles with a flold-pieee as superior to those weapons 
as the old smootli-boro 9-poitiiiirr was superior to Brown Bess; 
and tho device l>y which tlio infantry soldier’s wi’apon hud boon 
rendered so nuieli iui<ro tiowcrfiil was natiirallj' resorted to by 
1110 artillerist, to inereaso proportior'illy tho jioiier of his own 
particular arm. "Wo had fot llte nlled musket; it was there¬ 
fore iKS'Cusary for us to liave the rilled g'lTli. AVe trust we .‘-hall 
not he niisuiider-t'locl ns wishii't' to aflirm (hut the rifled prun 
was tirst proposoil after l.he ini rodnetioii of the Kiiflehl rifle, and in 
consei{nriie.e of it. S'lieli a s(n.(enient would be iieomptly and pro¬ 
perly ce.trudirtt'il by antiiiiiiirians, wlio would )ioiut to ooeasiotial 
examples of very aiiciont rifled j'uns; and by (‘xpi-rimontaHstM, 
who would remiuil ns of Mr. .loreiih Maiiton’s lilled (!-pounder 
of 1790, of I,ieute.iiaiit-Coloiiel Ibmihis’s I'ifled ipm of ISdCi, of 
tho Ouvolli (full of 181<!, c.f the Walirciuh.if (run of 18IT, of 
Captain Norton’s experiuieiils with rifli-'l eaniion, .and many 
others. But the introdiietion of riihrl small arms eoitaliily 
(jave an iinpehis mid eurnertne«s bi the om i lions to iutrodneo 
a rifled Ciinnon which had before been wiiiiliiij;. ;ii.il eTpenmeiits 
wliieli had up to that timo possea.sed only a sort of speculative 
and nncortuiii iiiti'Viist now bei-amo imcslcd wi(l*ii. new yiower. 
wliii-li drew towards thoin tho attention of the military world. 

Before proceo'linjp to eiiiimeratc soiuo of the more roniiji’k- 
able devices for uommmiii'ntin;' a rifled niolioii to thi- jirojoe- 
tilcs of eaiinoii, it may be well to .“ay a. few word.s us to the objont 
of riflhi;; a (run. Wliat is rilliu{f intended to ae.eomplish ? 
Wliat do we gain by it To this tho fir.st answer will perhaps 
bo. Wo gain the power of- firing an elongati-d instead of a 
Bpherieal proji'clilo. But this answer would be in part in- 
ftorre-i’t. It is true, bill, it is not the whole truth; for we may 
rciuiiid our readers tliat the first Tilled small arm in nsoJn the 
Biitisb servieo wa-'., ns stated in a former paper (Vol. I., 
{Mige (i.'i), tho Urniiswiolc rifle; and the Brunswick rifle threw 
not an eloiigateil but a spherical belted ball. I'lie first object 
of rifling a gnu or small arm, then, is to obtain rotation on 
a fixed axis. This objeiil is orinally aimed at wliother tho pro- 
jeotile to bo fired bo siilierical or oloiign-toii. In tho ease of 
the spherical ball, the rotation npou a (Wed axis gives increiused 
accuracy, by eliminating in groat nieusiiro the errors duo to tho 
oecentrieily and irregularity of the iirojcctilc. Projectiles 
cniinet in praotieo bo made absolutely and uniformly ta-ne as to 
coneoiitrioity, w<‘ight. and form, and any departure from abso¬ 
lute truth in these iioiuts is attended in a hall fired from a 
nmoolli-hore pioeo with a corresponding los.s of neenracy. But 
if a fixed rotatory movoraeiit bo eominuTiiealed to that ball, tlio 
nneertivin rotation dno to tho position of tho centre of gravity 
will disapiiear, and with it one source of error; while the inaeen- 
xaoy duo to any irregularities of form and surface will bo 
greatly diminished in consequence of tho pressure of llie aie 
being moi-e equally distributed iiround tho projei.tile, the i.C'.si- 
tion of which in refereneo to tills air is constantly ehiiuging. 
So that when a spherical hall is fired from a rifled I'ieee wo 
got at once greater accuracy, and this is an advantage wliieli 
belongs to rifling, wliethor elongated projectiles bo employed or 
not. But rifling is more valuable as rendering possible 1,hn nse 
of elongated projectiles, with all the ndvmitnges which flow from 
their employment. Why cannot elongated projcctilos be fired 
from smooth-bored guns P Bocanre of tho pressure of the air 
acting ut)on them unequally, and cansing them to turn over in 
flight. “ If the centre of gravity of the projectiles bo very far 
forward, it is possible,” says Lieutenaut-Colonel Owen, in his 
admirable “ ’Modern Arttllory,” “ to tiro them from smootlj-boro 
guns-at short ranges.” But this is the only ease in which an 


elongated projectile could be fired without rotation; unless, 
indeed, we could suppose a shot fired in a vacuum, in which 
cose, as there would be no air to press upon it, it would not turn 
over. If rapid rotation bo established upon the longer axis of 
tho projectile, the velocity of rotation will more than oonntor- 
balanco tho pressure of tho air, and will prevent the iirojcctilo 
from being tnniod over. Any one who has amused himself with 
tlio gyroseopo, or oven a oliild who has played with a top, will 
know that tho spinning motion gives a stability to tho axis of 
rotation which, as long as tho.spin is strong enough, sots other 
disturbing forces at defiance. Thus a top or a gyroscope will 
• spin at an angle with tho horizon which it could not possibly 
maintain if it wore not in motion. Indeed, a top could not 
stiiml at all without being spun, and tho wobbling movemoiit 
nliich precodos its fall iiidieatos tho point at which tho force 
of gravity is beginning to ro-assort iti» sway, and to fivnreomo 
tlio failing rotation. 'Hi'-’ho nro elementary truths, but they 
peiliaiia explain hetler than more recondite examples tho eft’eot 
of rifling upon a. projectile. 

AVoll, then, having .advanced thus far —having ostablishcd 
that rifling ncutralisoa some of the eansos of inaeeiiracy in tho 
l>nijnctilo. wlmnier s|ilieri(uil or elongated, ainl that without 
it it would not really ho practicable to fire an elongated jirojec- 
tile .at rill—wo have to inquire further, wliat are tho .advantages 
of firing elongated proj<‘ctilos ? Those advantages are .as fol¬ 
low -In the first place, weight for weight, the olongalod 

projectile presents a diiiiiiiishcd surface for the resisliiig mo- 
dinm—whether air. or iron, or wood, or water - to jwt npeii. 
Wi'iglit for weight, therefore, the elongated projectile will raic.'e 
and penetrate farther tliiin tho sjiherioal projcetilo of tiie same 
! inab'ri.al. Or, weight for weight, eipial results iiiiiy be ohtaiiied 
I with the e.long.ated projectile with a rodueod e.hargo of powiler. 
If the s'Ui’faee of the elongated projectile bo increa'ied to that 
yif flio hpliero with wJiich it is uorapared, its weight will he 
'gi’cati r, iiiifl thus it will have greater powcis of overcoming an 
equal ri'sistance. I'onrthly, it is often a gi-cat advantage to 
make the striking part of a jirojeetiln of a pocnlkar form and of 
a. iieculiar material. The shape of the hem! will greatly affect 
the flight; tlio shape and raat(>rial of the head will greatly 
affoet the ]iciietrativc power. Tho Pallisor projectile of ehiUed 
iron would not be possible with an obtnso or homispherioa! 
form of head. It is neoessary, as will hereafter bo more fully 
explained, to have a head of a form suitable for noutralising the 
brittleness of the material, and this is possible with an elon¬ 
gated shot which goes jioint foremost—it would not be possible 
with a sphere. Again, tho heads of the present Palliser shot 
arc miide harder lhau tho bodies, as the’gouge or chisel i« msde 
harder than its handle. This would not he possible with the 
sphere. Every projectile in the service has a head of a form 
which is considered snitabln for flight- -for cleaving its way with 
tho minimum of re.sistaneo ond di.stiirbing effect through tho 
air, just as sliips are made with bows suitable for easy pos-sage 
through water. Siicli an arrangomont wonld not be possible 
with a sphere. Fifthly, as an elongated projectile moots, in 
relation to its weight, with loss resistanco from the air than a 
splMKical projectile, the trajootory of the former will, cmliris 
parous, bo flatter. Sixthly, all elongated projectiles for the 
same gun can be made of tlio same weight, if desired, so as to 
bo fired with the same charge of powder and the same eleva¬ 
tion. With tho sphere, all the projectiles for the same gun 
must be made of the same size; and thus tho common shell, 
which is filled with powder, will weigh considerably less than 
the shrapnel, which is filled with leaden bullets, and will require 
a different elevation. Seventhly, if a specially long or powerful 
projectile bo required—as, for example, a “double shell ”—^this 
requirement can bo satisfied with elongated projectiles, it can¬ 
not hi) satisfied with spheres. Eighthly, tho fact of a projectile 
travelling head foremott greatly facilitates the preparation of 
a suitable percussion fuse, as it is only necessary to provide 
for action in one direction. This advantage would, it is true, 
bo possessed by tho rifled sphere, and is therefore rather an 
advantage of rifling abstractedly than of that particular appli¬ 
cation of rifling which gives us tho elongated projectile. The 
same may be said of tho advantage which rifling gives in respect 
of shells which are required to act or open to the front in any 
particular way. Thus, the Palliaer shell is required to strike 
point foremost; tho Boxer rifled shrapnel is required to deliver 
its bullet to the front. c 
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' Hie adranta^es of rifling' may therefore bo sommed up, as 
pointed out by Captain Orde Browne, B'.A., in hia “ Treatise on 
Ammnnition for I^ed Ordiumco,” ns follow:— 

let. Accuracy. 

2nd. Simpler action of percussion or concussion fuses. 

Srd. Bistribution of the inotol with a view to the special 
Teqniroments of each prcuectilc. 

The above advantages apply whether tho rifleiT projectiles bo 
spherical or olongatod. 

Tlicii, from the use of elongated projectile •<, which rifling 
lenders possible, wo got, 

4th. Power of making tho head of any form ruipiircd. 

.%h. Greater range or pone Iration. 

6 th. Saving of powder. 

7lh. Flatter trajectory. 

8th. 5V11 projectiles for tiio s.'ime gun r.i'i.y he brought to the 
same weight., 

tfth. If reijuirod, a specially heavy iirojecliln nuay he givcii to 
aJiy gnn, for exeioitional in e. 

These are the advantages which wo rcali--ii from rifling our 
guns. lA't us now jiass on to ob'crve in wii.it way thi.s rilling 
has been proposed to he accoiiiobsheil. 

I'o most personr. the idea of rifling almost m (ic'^'s.nrily sug’:c -is 
a gun with grooves cut in if, and shot lan.islifd wdh j-Iikih or 
other iirnjeetions to tit those grooves, lint althoii'di (Id.'! may 
bo tin! siin])]e.-.t jiinl most natural way of rifling a gnu, it is \ei-y 
far from lieing flie only w.iv. The W'hitworl.h gini. for evamph’, 
lai'i no groove.s, properly so caMcd. anil no in'oj's'tions upon the 
shot. It IS, ronglily t.iienlcing. a spirally hoxagoual b-'ro, wliji-h 
fire.s a spirally b''\ac 
o\ii.l bore, and hp'>l 
nuiin'roi.s projx)- ilnnr 
riili'.ig. and iniiKio'; iln 
proji'cii in'! In lln_ g.ni 
shonbl be rWied 
whieh Ihe.s 
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mne.c dirg letation I'y the pie.ssnro of the air upon the iirojec- 
filo alter it b.m loll the hove, by aetbig in oblique plane.s or 
channel.^ ei(bur in front or in ix'ar of llie shot. Tim IVIn-enni 
of Artilifii-y at Woolwich contains iimn.Y spcciuK-ns of I'lu-h of 


are ■very liable to got disflgurod in transport. Moreover, when 
load-coated projeotilos are fired against armour-plated diips, tho 
lead coating, although it has increa.sed 'tho momentum of tho 
shot, acts as a bar to its free progress through the plate, and 
thus lessens its power of penetration. The difliculUcs wliich 
were at first experienced in uoniicction with tho firm attaebment 
of the lead-coating have been overcome by tho adoption of tho 
plan proposed by Mr. Basliley-Jirittea, of soldering on tho lead 
with zinc solder, instead of attaching it nieehanically. All the 
broeoh-loading gnns in tho Bnglish service firo lead-coated 
Arm.-itrong projectiles. 

Tho imizzle-loading guns firo studded shot, and arc rifled 
with tlirl'o or more grooves, acoonling to their size. An in: 
genions system of grooving, known as the, “shunt” system, 
whieJi Wins dosigiioJ by fciir William Armstrong, is fast dying out, 
and h.irdly call.s for notice. It is merely neceK!.ary to obsorvo 
that with this fystein tho shot loaded easily on the deep side 
of the groove, and in coming out hugged (be opposite or 
“ driving” i-idi', being “ shnnted ” in its p!m.“age up the boro oil 
to a shallower level. Tho iibjoction to thi.s sysfim was llmt it 
uiiH aiit 1o stri|i tho Btud.s eff tho projectile, by throwing on to 
tliein a .siidilcri strain at tho moinont when the shot took the 
I'hiillortor level. In soire instances it is considered the strain 
acted iiijurion-ly upon the gun. 

Tho Woiilv.'ii.'h ” gr.n.s—by which is mount all oiir heavier 
■ruiiz/’le-lir.ulii.g liflofl guns have a groove ve’-y I'l ally .rkin to 
that iiHcd in tlio French pins. In some ea-e-: (he spiral is 
lu.'dfj un!i’i'’'iii Ihroughout llie boiv; in tho luuj''-ity of (;i..''.'i 
it is (piieluT i.t tho muzzle than at the bros'ih. 'ihe .‘-npposed 
i;iiv i it.ri" (if tho inc 0 !:-:ing twist is Diat it slightly diminisln ^ 
tl'“ str.iiu upon tho gun. 'I ho j.rojnetilo meets with lit-tJe or no 
I'.'-ht,.'ii.ee from thi' grooves nt tho irstant when it i- i'ce]iell(>d 
l'(ir..M,rit liy llio ignition of the ehnroe. ai d it is only a.-, tiin piv)- 
jeetile travoLi forward in tlio bore tlnit the resi-t.anco due to 
rifling boconios seiniblc. J!ut this resistance is far lo.'-s llniii is 
commonly .lui'iiosod, and it is ilnnblfiil if the >ier( using spiral 
really .'ilTori! . anything' like llu't amount of relief to the gnus 
wliich was ill one tin e believed. Jt is oonsidered that ILo in- 
ei’easing siural gives also greater iieenracy of fire. 

In liie liehl guns the form of groove is rather dilforcnt from 
that of [lie Woolwich pins, and the play botwi en Ihi! studs and 
grooves i.s less. J-lnt those arn details with which it is not 


the.'e (liller'riit modo§ of rifling. Ts'okiiig at tin m broadly, we | uucessnry’ to eiieumbcr the present papers. It will be .sufliciont 


sball liiid that they may bo elassified, jis pointed out bj' Liou- 
teiiaiit-Col.'iiiol Owen, inidor three heads - 

1. Meehanioitl moans inside tho boro of the gun. 

2. Tho action of tho powdor-gas upon tho shot iimiile the bore. 

Tho action of tho air upon the projectile after it. h.us left 

tho bore. 

Tho common object which all proposers of systems of rifling 
have had in view, is 'tho spinning of the ]irojeetilo on its longer 
axis, and with tliat axis as nearly a.s possible ooiueideiit with the 
axis (>r tho boro or its prolongation. Jt i-i import.'int lo do thi.s 
in a manner tlie least injurious to the guns, whieh will permit 
of»oa3,v loading, and which will impuso no serious iiieeh.^ical 
difficulties upon the piamifacturors of tho guns and projcOTcs. 
To (lisenss tho murita and domerits of tbo various systems of 
rifling would occiiipy more space than can now bo alfordcd, and 
would bo boyoiid tho sonpo of those papers. Iiideod, allusion 
has been made to tho various exporimontal modes of communi- 
oating a rotn.tory motion to projuetilcs chiefly to warn thoso 
■who may contemplate tho trial of some supposed novelty in 
rifling that they ■will do well first to iusiiect the vahuiblo eol- 
lection of rifled projeotilos which exists at Woolwich, aud to 
learn from thorn the proportion of failures to enccessoa. 

Tlie system of rifling of wliich it is first necessary to make 
mention at this stage of tho subject is that cmph.yud by'^’.r ! 
William Armstrong in his original guns. Tho Arm^tr mg shot! 
■wore coatod with a leaden coating, slightly larger than the bore, I 
and which on the explosion of the charge became forced into I 
the nnmernns shallow spiral grooves with which tho gnns were | 
provided, and which thus spun the projectile. The advantagns | 
of this system, tho systime forcSe (as tho French call it), are j 
that it gets rid of windage, that it ensures complolo coiitn'iiig j 
of the projectile, and that it gives groat accuracy. Pe>' civirn, | 
the system is one which entails tho use of lubricators. It im- | 
JSCS a great strain upon the gun, it is very costly, on account 1 
. the price of the lead-coating, and thJlend-oovcrod projectiles 


to oliscrvi' that there arc two main sysloins of viflirg in vogue 
in ihe Briti'ih rervicc—namely, fhe sytlcm of many t-hallow 
grooves, v.'ilh load-coated projoctilcs, for the brceeh-loadiiig 
guns : and the system of few doeii groove,s, with .'l.iiihli'd iirojou- 
tiles, for tho muzzle-loading gnns. The -ralivnit'-; of liflmg Ima 
also boon explained, .and flio advantages which it gives ns havo 
been sot forth. We will in our next imiier pass on to the I'oii- 
strnction of onr rifled guns, and show tho priacifiles upon v.hicli 
the 3 ' arn built. 


miNGirLES OF DliSlON.—XIV. 

lY cuniaTOPHEB nanssj'iu, i>h.d., f.l.s., ni'c. 

BKCORATIOU OF OKILTXGS {continued). 

In my last article T imtic’cd that the doeoration of a room should 
bo in character with its arclutocturo, but that while this shonhl 
bo BO, the ornament applied by way of curiobment should nut 
bo a Borvilo copy of ihe decorativp forms omi'lej-od in aucs 
gone by, bnt should bo such as is now in oharacter, while jet 
of tho spirit of tho past. 

Many ciifumstaucos tend to determine the nature of tho de- 
eor.ation which should be applied to a ceiling i thus, if a eciliiig 
Is stmeturolly dividiid into stfuare panels, tho character of the 
ornament istherebj' restricted, and should'thc.'^o panels he l!nr:i‘, 
it will probably bo desirable that each ho fitted wilh the siuu.i 
ornament; while if tlioy .ire small throe or four different patterns 
may bo cmidoyod, if arranged in somo orderly or luothudieal 
manner. 

A eeiling may also have the joists or beams visible upon it: 
in this caso tho decoration would havo to he of a very speciai 
character. Tho bottoms of tho joists might havo a^^string 
pattern upon them (a running pntteml, as the Greek “key,” 
or ghilloeho; whilst the sides might have either a imnning 
pattern, or a pattern with an upward tondoney, as tho “ Greek 
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honeyniiAle; ” and the coiling interrening between the joiete 
might have a miming i>attem, or better, a star, or ^per 
pattern, or it might have bands rumung in the opposite direc¬ 
tion to iho joists, BO as, with them, to form squaies, whioh 
squares might be filled with ornament. 

If, however, the oeiling is flat, and is not divided into seo- 
tions stmctorally, almost tiny “setting out’’ of the surface 
may bo employ^, as Fig. 40; or a hu^ centre oruomeut, as 
Ffg. 41; or a 
rosette die- 
tribntod over 
the entire 
surface, as 
Fig. 42. In 
any ease it is 
not neces¬ 
sary GT even 
desirable 
that the or¬ 
nament be in 
relief upon 
the oeiling. 

Flatly treat¬ 
ed ornaments 
may bo em¬ 
ployed with 
advantage, 
and all fioti- 
tiouB appear¬ 
ance of relief 
must bo 
avoided. 

There are 
so many dif¬ 
ferent ways 
of sotting out 
ceilings, that 
I cannot at¬ 
tempt even to 
make any sug¬ 
gestions. I 
would simply 
say, however 
—Avoid an 
architectural 
setting out, 
if there are 
no stmotural 
members; 
for ornament 
which is fla 
may spread in 
any manner 
oyera surface 
without oven 
appearing to 
need strao- 
tural sup¬ 
ports. As to 
the colour of 
a oeiling, if 
. there is to bo 
no ornament 
upon it, let it 
beaeieam co¬ 
lour (formed 

of,, white with a little middle chrome) rather than white. 
Cresm-oolonr always looks well upon a oeiling, sad gives the 
idea of purify. A grey-blue is slso a very desimble oolonr for 
a oeiling, noh as is formed of palo ultramarine, white, and a 
litile taw umber, just enffioient to make the blue slightly grey 
(or atmospheric), hu depth this blue should be about half-way 
between the ultramarine sad white. Aaother effsot which I 
like is prodnoed by the full oolonr of pure (or almost pure) 
nltnunarine. Li this esse the oomioe shotdd be oarefuUy 
oolonrod, and pole blue aad white should prevail in it. • 

A further and very desirable effect is produced ^ placing 
palo oream-ooloaxod atars iiregulorfy over tha r»i« blue, or 


* even the deep blue oeiling, or by pladng pale blue stars upon 
the oream-ooloured oeiling. The stars should vary for an ordi¬ 
nary room oeiling (say a room sixteen feet square by ten feet 
Ugh) from about three inohes from point to point down to one 
inch; the larger stars having rix points; others being smaller and 
with five points; and the small ones ^ving, some four points, 
wd some throe. If sueh stars are irregnlarly (without order) 
intermixed over the osiling, aad yet are aomewhat equally dis¬ 
persed, avery 
pleasing and 
interesting 
effect will 
thereby be 
produced. 
This effect is 

f,. in much fa- 

r Tour with the 
Japanese. 

Another 
good effect Ist 
produced by 
giving tbe 
coiling tbe 
colour of 
liath or Port¬ 
land stone, 
and starring 
it with a 
deeper tint of 
tho same co¬ 
lour. This 
effect is im¬ 
proved by 
each star bav- 
ingaveryfiuo 
outline of a 
yet darker 
tint of tha 
same colour. 

I should 
recommend 
those inte- 
rostod in the 
decoration of 
ooilinga to 
study care¬ 
fully tho 
Egyptian,Al¬ 
hambra, and 
Grook Courts 
at the Crystal 
Falaoe, Syd¬ 
enham, espe- 
oiallythe two 
last named; 
also to notioe 
the ceiling in 
St. James’s 
Great HaU, 
Piooadilly, 
London, and 
the oeill-igof 
Uahaw Col¬ 
lege chapels 
near Dur¬ 
ham. The 

ceilings in the Oriental Courts, by Sir. Owen Jones, at the 
South Kensington Museum are wmthy of oareful noiloe; hut 
the Benaiasanoe oeilinga in other parts of the Museum are both 
wrong in principle aad bad exampte c/l their style. Tho struo- 
tnrally formed glass oeiling of the Crystal Falaoe Basaar in 
Oxford Street, Xmdon, aad still better, ^e oeiUng of Mr. Osier’s 
glass warehonse in Oxford Street, ore well worthy of note. 

On the Continent we very frequently meet witii oeOinge on 
whioh large pioturee have been patuted, sain the Ismvre aad the 
Lnxembonrg in Faris; aad the anth^lies of the Sonili Kensing¬ 
ton Museum are msUig efforts to introdnoe this sfyla 
England, bat snob pictorial oc^gs are in emy way wrong. 











PEINCIPLE8 OF DESIGN. 


89 


1st. A 0611111? Is a fiat 
surfaco, henoe all decoration 
placed upon it should bo fiat 
also. 

2nd. A picture can only 
be oerreotly seen from one 
point, whereas the decora¬ 
tion ' of a ceilin? should be 
of snoh a choractqr that it 
can be properly seen from 
any part of the room. 

3rd. Keturos have almost 
iuToriably a right and wrong 
way upwards. A picture 
placed .on a ceiling is thus 
wrong way upwards to almost 
aU the gnesl^ in the room. 

4th. In order to the pro- 
per understanding of a pic¬ 
ture you must see the entire 
of its surface at one time; 
this is very difficult to do 
without idmost breaking 
your neck, or being on yoiur 
back on iho floor; whereas, 
an ornament which consists 
of repeated parts may render 
a ceiling beautiful without 
requiring that the whole 
ceiling bo seen at the one 
glance. 

Most of the French pic¬ 
torial ceilings are so painted that they are properly seen when 
the spectator stands with his bock dime to the fire. This is 
very awkward, as the rules of society do not allow us to stand 
in tills position before company. Pictorial works are altogether 
out of ploco on 
a ceiling; they 
ought to be 
framed and 
hung right way 
upwards njion 
walls where they 
canbe seen. We 
have a painted 
ceiling at the 
Greenwich Hos¬ 
pital. 

Arabesque 
ceilings, such os 
that of the Ho¬ 
man Court at 
the Crystal Pa¬ 
lace, are also 
very objection¬ 
able. 

What can b© 
worse than fes¬ 
toons of leafage, 
like BO many sau- 
sagos, painted 
upon a coiling, 
with griffins, 

■mall framed 
pictures, impos¬ 
sible flowers, and 
feeble ornament, 
allwithflctitious 
light and shade? 

But not content 
with Buoh ab- 
BTuditieB and in¬ 
congruities, the 
festoons often 
bang upwards 
on vaulted or 
s domed oeilings, 
rather than 


downwards. Snoh orna¬ 
ments arose when Home, in¬ 
toxicated with its conquests, 
yielded itself up to luxury 
and vice rather than to a 
consideration of beaniy and 
truth. 

Decorations like these 
were to an extent agoins re¬ 
vived by the groat painter 
Bapboei; but it must ever 
bo remembered that Bapbaci, 
while ono of the greatest of 
painters, was no omamen- 
tist. It reqnires all the 
energy of a life to heobme 
a groat painter; and it re¬ 
qnires all the energy of a 
life to became a great oma- 
mentist; henoe it is not 
expected that the one man 
should be great at the two 
arts. 

In all ages when decora¬ 
tive art has flourished, 
ceilings have been decorated. 
The Egyptians decorated 
their ceilings, so did the 
Greeks, the Byzantines, the 
Moors, and the people of ont 
Middle Ages, and a light 
ceiling appears sot to have 
been esteemed as o-sscntial, or as in many coses desirable. It 
is strange that so few of our honsos and public buildings 
contain rooms with decorated ceilings; but the want is already 
felt, the fashion has set in, and many are at this present 

moment being 
prepared. Wo 
mast get simple 
modes of en¬ 
richment for 
general rooms— 
modes of treat¬ 
ment which shall 
bo effective, and 
yet not expres¬ 
sive— and then 
wo may hope 
that they will 
become general. 

The largo 
centre ornament 
fur ceilings 
shown in Fig. 
41 is necessarily 
given inportions, 
bnt stndonts of 
dooorativeartare 
recommended to 
copy and com¬ 
plete these draw¬ 
ings in their en¬ 
tirety, as nscfnl 
studios of sym¬ 
metrical design, 
and for practical 
pniposes to draw 
them on a large 
BOale on cart¬ 
ridge paper, and 
oolonr them ao- 
oording to the 
rules already 
laid down, that 
they maybe able 
to jnd^ fairly 
of the goneriti 
•ffeots proceed. 



Fig. 42. 



Fig. 40. 
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APPLIED MECHANICS_XII. 

Sr KOCBBT STAWKLI. SAIiL, KJl., 

FrofesHor of Appliod MutbemuticB utd Ifecbaaicni, Boyal Collogo of 
Scteuoe, Itoland, 

THE PliANINd MACHINE. 

tbo laiit loHBon wo introdnoed the important prinoiple of the 
ido-rcst an applied to the taming laiho; in the present lesson 
we'shall consider the no less important application of tlio slido- 
rest to tho planing machine. The lathe affords the means of 
obtaining surfaces of revolution, the planing machine onablos 
us to produco idanos with wonderful precision. When we eon- 
sidcr that nearly all the octii^ snrfacos of machines are either 
jilanes or snrfacc-s of revolution, tho importance of tho slide-rest 
in iirodiiciiig sueh surfaces becomes manifest. 

In tho planing machine tho work is moved while tho too] 
roniains at rest, thus differing from shaping and slotting 
machines, in which tho work remains at rest while the tool 
is moved. 

'Jho planing machine consists of a tabic which is .adapted to 
slide on two grooves, so that all parts of tho table move in; lamlhd 
lines. On tliis t.sblo the work is placed, and secured in tlie 
proper position hy screws. The work thus traverses b:ickwaT<lB 
and forwards with tho table: attached to a fra me aluue tlie 
table is tho slide-rest, which carries the tool. The iioint of tho 
tool traces out a straight lino upon the work wlii-sh moves 
beneath it, and if, therefore, at the ctmclnsion of c:ich ent tho 
point of tho tool be advanced in a straight lino, so as to take a 
fresh cut, a jdano surface will bo prodtinod npoii the work. 

Tln.re an) m.auy iiigonioiis mechanical conlrivniici-s in the 
planing machine, both for jiroduciiig the return motion of flic 
work, and aWo for making the tool sclf-ac! iiig. Thiwe wo shall 
doscriho. 

Wo take tho following very interesting pass:igc frcMi 7,tr. 
Nasmyth's remarks upon the usc of (lie sli(!e-rest (see “ Ikikn ’s 
IVIcchaiiism,” j). illlT) ;■ “ There isno form which is so fnspiently 
roijuireil and essentinl to any iiiece of mechanism a.s the ] iJaTio sur¬ 
face, or roefcingnlar prismatic forms generally. Tho vast expenso 
attendant upon the production of such by tho tedious and nti- 
•Satisfaetory process of chipping and lilitig caused every enghier-r 
to avoid hy all means any anaiigomciits which rendered such ‘ 
forms necessary, however essential they might he to the perfect 
action of the machine. It is ([uito brnghablo to observe in any 
old piece of mechanism tho niggardly use of those imnortant 
forms, arising from tho above oljstaclc. Tlie introduction of tho 
planing moehinc at once altered tho entire system, inasmuch 
ns forms and aiTangomcnts booamo i>ractic:illy possiblo which 
formerly the engineer darodnot think of using; lliis was simply 

following 
out. in llio 
piano sur¬ 
face what 
tho slide- 
rest had 
produced in 
theturning- 
lalhe as re¬ 
gards cy- 
li ndrical 
forma. And 
tho vesnlt 
was that 
not only 
was 11m iini- 
chiiicry pro¬ 
duced l)y 
its ngem y 
most strik¬ 
ingly Boperior hy its diroct influence, hut also that the planing 
machine onabled us tO pR'duoo improved tools at a gioatly 
rednoed cost. That aaiirhty influence in all a&in, tbo first 
planing machine, onnhiod us to produce the sooond sUll 
bolter; that again psodneed a. better still; and then slide-rests 
of the most perfect .i^iad! oopw strsoming forth from them, 
and they again asrii^t^ m m$Mng Vetter stiQI.; so that yi a 
short time a very of engineermf-rsiamalp', 

tool-making-—arose, wmdn'nhd'lts esdstonco, hot merely owing to 
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Fig. 








the pre-oxisting demand for such improved tools, but, in foot, 
raised as it wore upon a demand of its own creating, and all 
this caused by the slide-rest and its offspring, tho planing 
machine. Ono has only to go into any of those vast ostablish- 
ments whiidi within the last thirty years have sprung up for tho 
purpose of supplying the demand for machinery, and wo shall 
find that nine-tenths of all tho fine mechanisms in use and in 
process of production i^^ihrough tho agency, moro or less direct, 
of the slide-rest and pla^ig 
machine.” 

Wo shall first dcscribo 
tho mechanism hy which 
tlio motion of the tool se¬ 
cured in the slido-rest can 
be obtained. A di.igram- 
matic view of a planing 
machine is given in Fig. 1. 

T is tho table sliding uu v 
groevea (wo shall consider 
it.s motion ))roscntly^; av is 
tho work upon which a 
ydano surface is to bo pro- 
dni-od. Tho tablo is fur¬ 
nished Avith a number of 
slots, and tho work is so- 
cni-cd liiibotivbloby inojius 
(.1 holts of various forms, thohoRds of Avb'nbavc nndcrncvilh tho 
table, while tho slianks p.a,-s through t lie slots; bra-kets and other 
ingonion.s oontrivariccs are used for soenring work of differont 
forms. Tlie rccipi’oc.stiiry niovciiiciit of tin' table is thus par- 
tal.cM of liy tho work, and us the tiiblii move, the work, the 
-[loint of tlio tool, II, tak(s olT a ^h;^vlng. The tool is attached to 
a slide, I'i; on E is a mil iii viliich ihe screw r w-orks; the frame 
JTTC is horizontal: eonscdiiently, when tii(> screw i'is made to 
rotato by Uio handle n, (ho point of the tool is moved in a 
horizontal lino iicrpetidH’dliir to tho diri'of.ion of motion of tho 
(:djle. Alter eueh cut has b ,.|i taken the tool i-i moved a littlo, 
anil then on the return of the lablo :i. fre.-h ent is taken. Tims 
tho mavomont of tho tuhlo. eouiponnded Avith the movement of 
tlio tool, develops a jilann Biirfneo upon tho work. In order to 
ceonoiiiiso labour, and still more to soeuro regularity and perfect 
uniformity in tho AA ork, tbo tool is not generally moved hy tho 
hand of tho workman. 'J'ho Avhc'el n is fastened on tho scrow, 
and, hy moans of a simplo oontrivanco, tho tahlo itself, after 
the conclnsion of each cut, and before tho <-ommcncnmont of 
the next, turns tho wheel a little, thus making ilic machine 
tolf-aoting. 

In order to iiccommoduto tho tool to tho varying dimonsions 
of the Avork which tho ydaning miichino may rcceivo, tho frame, 
MM, is itself able to roccivo a vortical motion. Tho vertioal 
screws, A, A, work into nuts on tho back of tho frame, MM; 
those scrow.s have small bevelled wheels, b,b, keyed upon them; 
those boA'ol wliocls arc cfjnal, and aro turned hy the two equal 
bevelled avIiccIh, c,c. Thus, by turning tho handle D. tho who)^ 
frame, mm, can be raised or lowered at the comraoncemont eft 
tho work, in order to placo the tool at tho required height. It 
Avill, of course, he understood that during tho jirooess of planing 
the position of tho frame M m must not bo, altered. 

Wo have iiOAV to dosc-ribo the mechanism by which tho table 
is moved. Tho problem wo have to solve is more complioatod 
than the simple motion of rovclntion which has to be produced 
in tho lathe. Tlio tablo has to bo moved hiuikAvarni and for- 
wiuds, and tlio extent of its motion must, in order to save time, 
bo accommodated to tho length of out. . In some planing 
maohinos tho support which carries tho tool is capablo of being 
turned round, so that on tho return of tho table a cut may be 
taken as well as in the forward motion. Other machines havo 
'lot this contrivance ; but the tahlo is brought back by a moro 
rapid movement than it would be possible to use for planing; 
thus the loss of tiino on tho rutnrn if reduced to a minimum. 

In Fig. 2 is a diagium of a planing maehine in which tho 
tool is intsndod to bo turned round, so that both motions nro 
performed with equal velocities. • . 

The. table i> moved by a ectew widob- revolves beneath, 
and works ittt6<a]iat atinehed to Mie bsiflo. Tliis screw is 
shovht. at<D I .K is iVe table. We hsvo only shown in this fignro 
the ^idions-'«}ddi,nlale^ Idu;motion table. Tho sorewq, 
is attacked to a beVellod i^oel, b; this wheel, B, may be tnruod 
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by either of the wheels, g and P, into which it gears. The wheel 
g is attached to the pulloy b ; g and b tum together quite freely 
upon the shaft. When the band which drives the planing 
machine is npon B, the wheel g is turned, and this makes the 
screw revolve. Of course e will turn round P in the opposite 
direction to that in which g rotates. But now let the band be 
shifted from the pulloy B to the pulley a. a will now be driven 
round, and with it P, because p and a are both keyed upon the 
same shaft, which passes freely through b and g; hence the 
hovelled wheel ii, and therefore the screw, will now be driven by 
the wheel r. It will bo easy to see that it will move in opjio.sito 
directions, according ns it is tnriiej by r moving in one direc¬ 
tion or g moving in tlio same direction. Suppose, for example, 
that the wliuel r tnru so that the jiart of it near x dcsec'nds, 
thou the i>nrt of it at v ascends, whereas hiul the motion Item 
given by g, the luirt v deseends, of course iiiaking tlics part near 
V on It descend; hence we have a most ci'iivuiiicnt means of 
reversing ihoWtahle by just shifting iiit' band from one pulley to 
another ; between llio pulleys a, h is a ihird pulloy, «. 'J'iiis is 
wliat is ealh'il an i<lh> imlley, beeause it innis fiwly on tho 
fhal't. The Itaiid is therefore turned on this pulley when it is 
de.-iired to throw tlio inaehiiio out of aetiim. 

We hnve now to deserihe tlint very iiigeiiions jiortion of the 
mecliiiiiism whereby, when the table has arrived rd, Ihcendof 
its si.roKe, it ehangos tlie hami from » to A, ami thus il.self 
reverses the niolion. I'luh'rneath tho faith) is a rml, N j, T. 
t.'ne of till' giiiiles whioli rostririu ibis rod bt . 1 , innthtii ]iai'al!el 
to the taitle it shown at T. A stnil npitn tlie rod is sliitwn at n; 
this slndcen be iiftaelied by n seven' t<t imy pdint of the rntl. 
'J'hfi faith) ill adviiiK'ing titwards E ettines iu eeiitiet vviUi N. innl 


I will turn round three times for each revoiotion of T, and, of 
j coarse, in the oppoBite direction. Hence b turns round in tho 
I opposite direction to tho motion of P, and revolves threo times 
■ when P has turned round once; this oorresponda to the return 
I motion of the tabic, lint when tho band is sliifted from A to 11 
I by the fork, tho motion is reversed. The shaft on which b is 
1 keyed is a ooutiiiuation of the screw S, and henoe tlio screw 
I revolves in the same direction as tho motion of B. and witli tlje 
same volocity. Thus tho table is brought back three times as 
I fast as it is advanced- * 

VEGETABLE COMMERCIAL TRODUCTS. 

XX. 

MISCKI.LA.'IKOriS riiANTS OP OOMSlUKrlAL VAl.IJE (vowflfl 
Cogmi.i-A Nut (Athilra fani/erp ; natural order, Patniaeciv). 
-- Ibis is tho fruit of a Mouth and (.'ciitral Amerimn palm, lb 
is a nut of not more than three im lies in length and two in 
hrcnilth, and js comphdcly solid, excepting a smnll eavify in flie 
i‘entre, in which the seeii is deposited. 'J’lie shell is thuveforo 
\ very thick, and it is also very hard, taking a line ]iolihh. Co- 
qudla nuts arc used ehii fly by oriiameiitul tiinievs for tho pr-'- 
diietion of small knob handles for eahiiiet draw'ors, parasol and 
iimbrelka handles, eliessiiieii, rings, biva.ehes, and small toys. 
About dOd.OdO nuts were imported in 

IVlAttKiMi Nut bSVntmirpns niu'i 'iriUuiii; naf pr.al order. .Lie- 
er'i'diecee ).• A native of the Kast Indies. Tiiis mil., somewhat 
like a ia.iiiiiriiid ) lone, has au exterior eoverhig formed of tw'o 
latiiiine. In tv,’em whii-li is a eaiislie bitter juice sliiinitig an 
indelitile Mack, and wbieh is miieh used as a black vnriiish. as 


iliiifl pushes the rod N l.T forwards. A jiiii upon tho rod at 1 . 
works in a ,-lot iu e. bell-ei-ank leviT. M s i.. \Vi“ have alre.nly 
deicriheil the hell ev.aiik lever in our ]es^on upon the lever; it, 
give.s a I'oiiveiiient method for chmigie.g iiintioii from one line 
to anothi'r line perpeiidieiilar to if. When 1 , is li.ished oil, if is 
ovideid. that M will aet on the rod M P; but Jl r carrier a fork n, 
through w Inch the hand ;iiisues; thus the bind will bo eaiiiid 
from the wheid E to the wheel A. Tlie l.ible v.id Iheii eoiii- 
meriee to imive iu the opposite direction iiiit.l it rnvts a seemid 
stud on the roil t !. \, which serves to bring the band back 
again to n. Tbu.s llie table w ill reeiju-oeale wiMunit the iitten- 
tioii of the workman. The posilioii of llie -duds iijion the rod 
NT is to bo deti-niiinod by tho longth of cut whieU is require,1. 
riio reversal (,f tlio tool at the eonclu-doii (d tie- imt before tho 
kahlo eommoiiees to return can also bo ofiei'tod by a self-acting 
apparatus. 

in the best pinning raaclunes, wliii-h are used when very 
r<m>crior'work is roiiuired, a iiuiek ri-tuvii niolion is eoiisideved 
l»roforablo to the rotation of the look notwitli'landiiig the saeri- 
fico of time that is iuvolvod. Various ingenious meohiuii.al 


well .as for marking linen, whence its naui,', “ iiiarkiiig out. 

, It is iiiqtorled into this eouniry for these jiur]ioses. 

<»Ki;is ii’uoT (li-is iiliiic i nafui'al order, h iil'imr).— 
This jdaiit is a native cl Italy, and cultivated in gardens. O.ils 
, ro' t is nseil as an ingredient iu toot.h powders, and iu tho per¬ 
fumed ]ireiiaration oi wheal starcli called violet powde.r. About 
live tons aro annually impnrled. 

j v'liAiis’ I'Iyuk (,-ihi 11 -, ; natural evdev, i.iiiiu!'-’'). 

'• —Tills is a lU'eUy eiiiubii)','' jdaiit, a native i-f the West li d.,' . 
Its -eed.s are bright se.irlet, ji‘t black round f.he liihim, and very 
handmme In Iii'iia, they are used by dniggiel.s and jewellers 
' a-' weiglits, being almost uniformly one gruiii. They aro .also 
strung i'lgi'ther for imokhieos aiiil riisaTio-'. 

! Kattans (spceiii.s of f'(iboini.s; natural order, I’eliimw).— 
i These palms yield thu canes or ratliuiB of eommeree. They 
! have very long slender stems, with le.avcs at eonsidnrnble dis- 
; lances aimrl, and llm climbing species reach the tops of tho 
, highest trees by iiieens cf llio powerful whip-like prolongations 
from the midrilis of the leaves. Tlie stems contain a coiisidcr- 
a.blo amount of sih-v, whieli renders Ihom liiird and gives them 


contrivances arc mode use of for tho rapid retuni motion. One 
of the most useful of theac) is shown iu l’’ig. 3. 

O is an idle whool, and A and b are tho imlleya which move 
tho table. When tho baud is on n the inotiou of the screw i.s 
slow in one direction, but when the 
* J,. „ band is on A the screw revolve,i 

■ rapivlly in tho other direction. Tho 

arrangement for shifting tho band 
R i.s tho same .as that wo h.avo already 

, - <le.ieribod; so thi.s diagram moroly 

* ~~ —' shows how tho dilfuroiico botwoou 

the A’clocitios of advance and return 
is obtained. 

C 3 Tlie pulley A is attached to the 

BOA „ Q toothed whool r; sa that when A is 

1 ” turned, r must turn with it; those 

- 1 - -— - -tmm freely npon th.i) shaft, g 

II |i I— ’ and E are also toothed wlieols. VVe 

II II I LJ _ shall suppose that p and e aro of 

tho same magnitude, tho size of g 
being Indifferent, p and g sovolve in op])osit9 directions, so do 
g and B ; therefore p and e revolve in tho samo directions, and, 
since they are equal, with equal velocities. T is a large-toothed 
wheel on tho same shaft as s. We shall suppose, for tho sake 
of illnstratiou, that t has sixty teeth, t revolves, therefore, in 
the same direotion as p, and tliey each perform one revolution 
iu tho samo time. T gears into a wheel, s ; this wheel is upon 
.tt>e screw which moves the table, 148 have twenty tooth, it 


a glossy appuaraime. tt rndentmn produces stems 300 feet iu ■ 
longth, which innke excellent ropos d immense strength, and 
.TS sncli ,aro used by tho native Hindoos in l•ateh^Ilg elephauts. 
C. SViptoiHiiu fiiriii-ihos tho walking-sticks known ns Mnhicc.a 
ennoa. V. ruinit/j, V. nnJoi/um, C. nriis, rimiiielis,. and 
others, aro used in flii-S country for Ihe bottora.s of oh.airs and 
conches, the sidc-s of ciiiTiagc.s, etc. ; and in India are made into 
baskets, mats, hats, and other nsofnl articles. They arc also 
used as ropes and cables, in the junks and roasting vessels, and 
take the place of ehiiins in native suspension bridges. 

Tho rattans aro fciiiid in eomiucrco iu bundles, each cane 
being once or twice diuibled n)t iii order to mako tho bundle 
smaller and niovo I'ouipaot: tho eanos are veiy seldom less than 
twelve or oven si.\teou feci in longth. About 75,000 bundles of 
canes, 100 caiie.s being in each bunSle, or 7,.')00,00l> canes, are 
annually imported into tho United Kingdom. IfoUaud also 
imports' .annually several million pieces. Bengal, Arraean, and 
the Mnnda islands ]n'oilue,e tho greatest quantity of rutlans, and 
Knropo is supplied ria f-onduii, Amsterdam, and Kotterdam. 

Bamboo (Damhusn arundinacem; natural order, Ornmi- 
nnrrm). —Thi-s gigantic. tro]ncal grass is extensively spread over 
India, China, and .Tapan. It grows like a tree, shooting up 
with great rapidity in two or three months to a hoight of fifty 
or sixty feet. Its hollow stems, which attain a diameter of 
seven or eight iiiehos, are much used for building purposes in 
tho countries where it grows, and its young shoots servo as 
wal^ihg-canes. Tho Chinese make from tho inner bost-liko 
bark an inferior kind of paper. 
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TECHNICAL DRAWING.—XXXII. 

DBAWma FOB UACHZNISTS. • 

THE STEAM-ENGINE (continited )—THE OOVEENOE8. 

It vill be found that this portion of onr series of lessons in 
Technical Drawinfr sapplements in a great mcasnre the lessons 
on the Bteam-engine given in this work. In these the machinist 
and engineer will find practical working drawings of different 


! of the steam. The govemoTS are really a pair of conical pen- 
dnlnms, and when put in rotation the centrifugal force of the 
balls, or their tendency to fly outwards, increases as they 
revolve faster. They are suspended by the upper end of the 
ppndnlum-rod, and so must rise higher if they fly outwards; at 
first a very dight elevation accompanies their extension, but 
afterwards the elevation becomes greater and greater for oveiy 
further extension. As the action of gravity is constant, and 



parts of the steam-engine, whQo in the papers to which we 
have just ailnded the student may derive the necessary in- 
atruotion respecting the different forms of steam-engines, with 
an aoonrate description of the purposes which each component 
part and special feature tends to serve. In the present lesson 
we shall describe the governors. 

The governors a» an important part in the details of a steam- 
engine, and form an exo^ent atndy for meohanioal drawing. 
Their use is to regnfakte ilie speed of an engine and ko<g> it 
uniform, and they perform this doty by doi^g the throttle- 
valve before mentioned (Uga. 804, eto.), i^so ehntting off some 


not affected in any way by their revolntion, there win be two 
balanced forces at work: one, the centrifugal power of the 
balls; and the Other, gravity; one variable with the speed of 
the engine, and the other constant. The combined operation 
of these forces regulates the position of the baUe, and they are 
connected with the throttle-'^ve eo that en opening for the 
admiaaion of steam is made to increase as the govemor-ballB 
fall down, and to diminish as they rise, thus regulating the 
quantity of steam, and thereby the engine’s Bi>eed. 

818 and 319 fre front and ride elevations of tl)e 
governor; and Fig. 320 a* vertical eeotion eff He standard or 
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sapporting pillai, wUch is bolted upon the planed bed of the lenf^en or ehorten it, and so adjust the working of both 
engine. Brass bushes are fitted into the upper and lower ends govemor and throttle-vidve to each other, 
in which the vertioal governor spindle revolves. Figs. 330 and 331.—Lever, made of brass, with two crescent- 

Figs. 321 and 322.—Pendulum and ball; two views of the shaped pieces of steel to fit between the sliding'block ooUars, 
former and one seotipn of the latter. Inside the ball is a and transfer its movement to tbo throttle-valve lever, repre- 
slightly enlarged oaviiy, so arranged that by filing the ends of sentod in the preceding lesson (Fig. 308). 



the square hole it will fit the corresponding square part of the 
pendnlnm-rod, without the labour of filing the entire hole. 

Figs. 323 and 324.—Two views of the link connecting the 
pendulum and sliding-hlnck. 

Fige. 325, 326, and 327.—^The brass cap and sliding-block, 
ehown partly in section and elevation, with one plan which 
suits almost exootly for both. * 

Figs. 828 and 329,—Throttle-valve rod, with o screw to 


Fig. 332.—Pin for slide-block lever and steel pieces. 

Pigs. 333 and 334.—Support for tbo above lover. 

Fig. 335.—Pins for cap, slide-block, and pciididnm, all mimo 
of steel, or of wrought iron ease-hardened—that is, coated with 
steel by a chemical process. 

•Fig. 3.16.—Similar pins for the pendiilnra. 

Fig. 337.—The vertioal spindle to carry the pendulum, made 
of iron, except at the lower end, which is steel. 
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BIOGRAPHICAL SKETCHES OF EMINENT 
INVENTORS AND MANUFACTURERS. 

XI.-CHAEI,ES HUTTOS, I.L.D, 

BY JAMES OBAST. 

Chablbb IltTTTON, one of the most eminent mathematiciiinB 
EnfrJand has produced, ivos bom in 1737, dnring the reign of 
George II, Hia parents were in humble oircumstanoes, and 
yory poor j they toiled early and late, and seemed only to exist 
to carry on that endless waJfore with indigence which is all the 
needy know the word “ life ” to moan. Ho lost hie father in 
boyhood, bnt haring picked np a smattering of education, to> 
gothor with the Roionoo of mcasnroments, he commenced in his 
oighteontli ycsnr to teach mathematics in the village of Jesmond, 
near Newcastle, and while there became so close and zealous a 
disciple of the Methodists that ho even ventured, not only to 
write sermons, but to preach them to the people. This religions 
enthusiasm loft him, however, on his removal to Newcastle, 
whither he was drawn by the increasing number of his pupils 
and his own growing profioienoy as a teacher; and among those 
who attended his classes ho had the pleasure to reckon the 
late Lord Chancellor Eldon. He found time for investigation 
and composition amid the multiplicity of his occupations, and 
in 1764 published a treatise on “Arithmetic and Book-keeping,’’ 
for the use of schools. Since then it hos gone through many edi¬ 
tions; hut it may be interesting to mention that in printing the 
first one, to supply the proper mathematical typos, which would 
not then be fonnd in a provincial town like Newcastle, Hatton 
'lad with his own hand to fashion, by the aid of a penknife, on 
Hie reversed ends of old types, all the algebraical ohoraotors used 
in the vulgar froctiuna and other parts of his treatise. 

A more ulaborato and abstruse work, “ A Troutiso on Mensu¬ 
ration in Theory and I’raotico,’’ next occupied his leisure time. 
Prior to this publication, the works on mensuration used in 
seminaries were those of Hawiioy and Jiobertson ; tlio former, 
inaoeuratoly and inelegantly written, showed few attomiits at 
theory; the latter, a more correct and perfect work, was limitrai 
to the exhibition of rules and examples. There liud been from 
an earlier period, ospecially since tho invention of fiuxioiial 
analysis, many treatises and books relating to rectifications, 
quadratures, and cubatures written by Icurnod men at Inuno and 
abroad; but to culhict, combine, and reduce all these to order 
and method, to expunge w'hat was erroneous, curtail what wiis 
verbose, elucidate what was obscure, and develop pv.aetical rc- 
iults with perspicuity, became the task of Hutton, whoso quarto 
volume, which appeared in 1770, was a masterpiece of its kjnd. 
Fortunately for him, about this time tho Professorship of 
Mathomatios in tho Koyal Military Academy at Woolwieli bo- 
namo vacont, and the Ma.ster-Gei)eral of the Onliianco (the 
Manjuis of Townsend) directed that any individual who. at a 
public examination, should provo himself qualified to discharge 
the duties of that chair should bo appointed to fill it. Colonel 
Edward Williams, a scientific offleor of tho Boyal Artillery, now 
urged Hatton to present himself ns a candidate; and, though 
naturally diffident by habit, he travelled in a somewhat humblo' 
way from Newcastle to Woolwich, a distance of 300 miles (a 
long journey in those pre-railway times), to undergo tlio required 
examination. This w.a8 conducted by Colonel Honry Watson, 
the translator of Euler’s “ Treatise on the Construction of Ships’ 
Bishop Horsley, the editor of Newton’s works j and Dr. Masko- 
lyne, the Astronomer-Boyal; but to none of them was Hutton 
known save by name, and many Iconicd and influential men 
figured among the competitors, all of whom wore examined 
separately, so that no one could avail Umsolf of iffis information 
possesBod by tho others. 

The examination, a very fair and impartial one, lasted a whole 
day, till tate tho evening, and nt its conclusion each candi¬ 
date; received a great many extremely difficult problems in tho 
Bost abstruse parts of mathematical science to solve, and a 
week was given them to do so, when they were to appear at 
Woolwich again. Though by bis humble circumstances Huttou 
was debarred tile nse of msny books and other assistance which 
the other oompetitors conld oommand, at the condnsion of tho 
examination he trinmphed over them all, and by the examiners 
was unanimously recommended to the Mostor-Oeneial and Board 
of Officers, and he was highly eomplimented “ on aoaoqpt of tha- 
vory able manner in whi^ he had answered all their queetions, 
and on aooonnt of his very extaudve reading and aoqnireinaiiB.” 


The tfniversity of Edinburgh, whore then the famous Dngald 
Stewart and Dr. Matthew Stewart were joint Professors of 
Mathematics, now conferred upon him the degree of LL.D.; ho 
was elootod a Fellow of tho Boyal Society, and in January, 
1779, was appointed its foreign seoretaiy, an office whioh he 
held till 1783. 

The first edition of his “ Compendious Measurer” was issued 
in 1784, and was the popular abridgment of his quarto treatise 
on “ Mensuration; ” this has gone through many editions siiioo, 
and was generally adopted in all English schools, tho elaborate 
domoustrations being omitted, while the rulos, examples, and 
applications are retained. 

_ in 1785 ho produced a more profound and copious work, en¬ 
titled “ Mathemutiool Tables,” containing hyperbolic, common, 
and logistic logarithms, together with sines, tongonts, sCcants, 
and Versed sines, both natural and logarithmic. To these were 
added many tables useful in mathematical calculations. This 
work, a thick royal octavo, was occasioned by the extreme in- 
acouraVy of the logarithmic tables of Shorwin and Gardiner, and 
ho introduced many striking improvemouts in the resolution of 
plane and spherical triangles; but the most valuable portion of 
it is tho extensive and looruod introduction which he prefixed to 
the tables. It (Xintoins a fair and impartial history of early 
trigonometrical writings and tables, natural and logarithmic; 
and the inventions and imx>rnvemonts ora clearly traced, and 
assigned to their proper authors. Tho pocnliuritios of John 
Napier, of Merchiatoii (original inventor of the logarithms), of 
Briggs, of Kepler, Gregory, Mercator, and Newton, are care¬ 
fully discerned, and an immense amount of labour and deep 
reading displayed. 

In 1786 ho issued a ((uarto volume of “Tracts, Mathematical 
and Philosophical,” which proved of groat value alike to tlio 
man of scieiicn and the mechanic; and in the following ye.ar ht 
began tho preparation of his “ Mathematical and PliiloRoifiiica] 
Dictionary.” After nine years of labour, it appeared in 1796, 
in two groat quarto volumes, and its value was at once aeknow- 
Icdgod by the British public. 'J'hough chiefly comiiilalion, it con¬ 
tained much that was aliko new .and original, and exhibited groat 
patiencse, research, and impartiality, with considerable historical 
disipiisJtioii, jiartioularly iu tlic elaborate memoir of algebra. 
Gf the moat euiinent mathematicians and philosophers ho gives 
short biographical sketches, which are often spirited, and 
always truthful. It was universally declared to be “ n work 
ivliich tho student of matliunui.tic..s and Of natural philosophy 
may consult with pleasure, and always with conhidoruble ad¬ 
vantage.” 

His “ Oourso of Mathematics for tho use of the Cadets in tho 
Ttoyal Militiuy Academy ” ajipeared in two octavo volumes in 
1798, and has since gone through many editions. ’To Giis 
a tliird Volume, written in conjunction with his friend Dr. 
Gregory, was issued in 1811. Prom 1803 to 1809 ho had been 
employed, iu conjunction with Drs. Pearson and Shaw, 
preparing :ui “ Abridgment of tho I’hilosojihieal Transaetioiis 
of the Boyal Society of Ismdon, from tho Commencement, in, 
1665, to the End of the Last Century,” a laborious and most im¬ 
portant work, for his share iu the execution of which ho ro- 
coivud dl6,000. Tho “Abridgment ” extended to eighteen thick 
quarto volumes, and was published in monthly part.s, four of 
which constituted a volume. 

After having filled witli honour and popularity the office of 
Professor at Woolwich for thirty-four years, in the summer of 
180? he felt himself eompelled to resign it, and retire from 
active life, having suffered much from a pulmonary complaint 
during tho preceding winter and spring; but on his retirement 
the Board of Ordnance assigned for his past services, and os a 
testimony of regard, a pension of ^500 per annum; and as he 
had previously amassed a handsome fortune by the profits of 
his literary and soientifio exertions, he fixed his abode in London. 
In retirement his pen was never idle, but was constantly em¬ 
ployed in the preparation of learned papers. Thus, five years 
after leaving Woolwioh, he published his “ Tracts on Mathe- 
matioalanuPhilosophioslSubjects,” comprising, among numerous 
important articles, the theory of bridges, with several plans of 
recent improvement; also the results of numerous experiments 
on the force of gunpowder, with applications on the modem 
practice of ortille^. 

With many corrections Cud improvemeats, these vMumes 
oontsia savetsl of his detaohed eissg's ssd tracts previons^ 
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enninented, together with thQ “ History of the Writings and 
InvestigationB in Trigonometry and Logari-thms,’* as publishod in 
the introdootion to his “ Mathematical Tables,” and the “ His¬ 
tory of the Disooveries and Inrontions in Algebra,” which was 
first pnblished under tho word Algebra in his quarto dictionary. 
Most of the “ IVocts," however, wore new; among those were a 
clear and methodical nanatiou of his intcrostiug ezporimeuta in 
gunnery and projectiles. 

Tho extraordinary and marked omission of Hutton’s name by 
the Marquis laplace, when speakiitg of tho determination of the 
mean density of the earth, led to some correspondence betweeu 
him and that learned French philosopher, in tho years 1819 
and 1820, for Hutton’s feelings wore undoubtedly wounded. 
His letter, which was publishud in tho “ I’hilosophical Maga¬ 
zine ” of February, and in tho “ Journal de I’hysiquo ” of April, 
1820, remained unanswered fur many months; but ultimately, 
in the “ Connai^sanco dos 'romi)s,” tho marquis did ample justice 
to the learned Fnglishmau, after he had described the nature 
and difficulty of compatatibn relative to tho earth’s density, by 
adding, “All this was executed in tho most satisfactory manner 
by Dr. Hutton, an illustrious mathomatioiaii, to whom the 
abstruse sciences are indebted for numerous other important 
researches.” 

A severe cold which ho caught in 1822, by some unavoidable 
exposure, ended in a ]>ulmuiiary conix)laiiit, which moilo sjMiody 
inroads on Ids oonstitutiuii. His {jliysioal strength declined 
rajiidly, and in his actiun.s, c luversatious, and letters he showed 
a knowledge ilmt his latter end was drawing nigh. Till near 
his death ho yet retained tho entire ))nssession of his powers 
and all his fine perceptive qualities, aud was able to go up and j 
down stairs. _ I 

“ On Friday, tho 24th of January, 1823. only three days boforo ' 
the termination of his life,” wrote his friend ajul successor. 111 '. I 
Oliuthns tirogory, “ I vi.sited him, at Lis own request, in eoiise- I 
qnence of a commnnioatiun which he had received from llie i 
Bridge House flummiUeu, relative lo tiie iinniosod now bridge ] 
in place of Loudon Bridge. Hecunld then see to mad 'u-riiiiig of 
tho usual size without .spoe.taeles, and lioai'd very well all tliafc 
I said, on my aiming at .a rather slow aud distinct enuncia¬ 
tion. His rcB]>iration was liiflieult, as it hail been for some 
time ; but on whole I thuuglit him boituc than wlicn T had j 
seen him 'a week before. Our chief conversation w.is on llii> | 
subject of his letter from the City. He expatiated with his usual j 
porsiHouity and accuracy upon tho theory of arcuation, the re- i 
lative advantages and disadvantages of different curves sjj'le.cb'd j 
for tho iutraduH, the most judicious i'.onstrue.tion of ceniremg, etc. , 
Ho thou t^asaed to tho liistory of the oruotion of Blaekfriars , 
Bridge, sketched briefly the primuples de\ eloped on that occa- | 
sion by Mr. Simpson, his iirodeocssor at Woolwich, and allndoi! j 
to the ecioutifio qualifieatiims of Mr. Robert Mylue, the .arohitcet ; 
of that edifice— for which his designs were chosen before those 
of twenty other competitors, from their great superiority in tho ; 
mode of oeutreiug—but the effort greatly exhanatej him, and 
compoUod mo to relinquish niy intention of eoiivorsing with 
hin» on another topic. Ho ontreafed me to visit him tiiat day 
week, and I most cheerfully assented, hoping the interview 
would have its poouliar interest.” 

Before “ that day week ” ail was r,vor, and tho great mathe¬ 
matician had solved tho problem of Time, and Eternity; for on 
Saturday ho became worse, on Sunday worse still. He sank into 
a comatose state as evening drew on, and expired at four o'clock 
on the morning of Monday, the 27th of January, 1823. 


' were read before tho Royal Society upon the discovery of 
natural gas in Lanoashiie; and about the year 1800, or a little 
earlier, some of the more soientifio and enterprising firms of the 
day hod adopted “ gas ” as the ordinary means of lighting their 
workshops aud factories. Of course, they mode it themselves, 
as no public companies were in oxiatenoe, and wo may mention 
as an instance tho factory of Messrs. Boulton and Watt, at 
Soho. 

'Tho first Act of Parliament creating a chartered company 
was passed in 1810, and in 1813 Westminster Bridge was 
lighted with gas. Illuminating gas for oommoroial purposes 
has been made from coal, I'usin, oil, peat, and wood, with varying 
results as to economy and efficiency ; but, as far as the present 
manufaeturo is concerned, coal-gas is the only source of supply, 
and it is to some explanation of tho methods employed that, the 
present paper is devoted. 

Tho simple principle upon which all gas-lighting is founded is 
the exposure of coal to heat sufficient to produce combustion, 
in air-tight vessels— i.e., to decompose tho coal by lioat, with¬ 
out the admission of the external air. The volatile portions 
have an outlet provided for them, wliieh conduct them to rocop- 
taulcs for future use, and tho solid matter remaining (coke) is 
nut without its commercial value. Chemically, all the materials 
from which gus Ls mode consist of carbon, hydrogen, and oxy¬ 
gen, in various proportions ; and we may take it that the 
grotitor tho per-centagoof hydrogen tho greater the illuminating 
power of the gas evoi \ ed. Caunel ooal is, for this reason, the 
parent of a ga.s of much higher illuminating power tlian 
ordinary Newcastle coal, though, of course, the difference of 
Iirico renders it eoiuparatively expensive ; while gas made from 
oil. e'.peeially some of tho recently di.seovorod hydro-carbons, 
has still greater brilliancy. This particular branch of the 
maiiui'ai'tnvc, however, may be considered almo.st in ite infancy, 
and has not yet been adopted by any public company lo such 
an extent as to warrant notice at the moinout. 

Tho first iiortion of tho proeess, then. iS to snbuiit coal to the 
; m'tion of heat in an aii'-light vossol. commonly called a “ retort.” 

I These are made of vnilous foams and various materials—wrought 
iron, east iron, and earthenware—each having its peculiar 
characteristics as thus employed. Wrought iron, at liigh tem- 
pnnitures, uudorgocs rapid oxidation, as does cast iron, though 
jiossilily in a less degree, the latter being far more liable to 
fracture ; earthenware, while perfectly fi-eo from oxidation, not 
being so goml a conductor as the other materials. 

The usuiri forms of the rotort are circular, oval, or boan- 
sha]ied. but the form now in most common use may be described 
as tho 1) form, tlio lower side being slightly curved upwards. 

18 inches wide and 12 inches high, or perhaiis rather larger, may 
bo taten an ordinary' workmg dinieusiun, and from 7 feet to 10 
feet long, according to eircnmstunces. A group of these retoi'ts, 
from five to six in uniubcr, or more, as tho ease may be, are set 
in a furnace, and filled with coal from tho end, and as soon as 
they are ehai'ged a gas-tight lid is screwed on -tho front of each. 
From the toji of 'the front end of each retort rises what is 
tcchiiically called the stand-pipe—i.«., tho pipe through which 
the volatile products of combustion, i.e., whut may bo called 
tho oi'ude gas—arise. 

Many other forms of retort have been used. Some, in tho 
North, have been oonstrueted of wrought iron, with cast-iron 
bottoms, 4 foot or more wide aud li feet high, working off a ton 
of coals in about twenty-four hours. Stourbridge clay is u<>w 
very largely used for the purpose, of course, iu much greator 
thiolcnoss .of material than either wrought or c'ast iron. To 
show, however, that it is specially applicable, we may mention 
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that retorts have been mode of it 10 feet long and 3 feet w'ido. 
Wo believe that it is gradually superseding the other materials 
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for general use. 

Tho arrangement and grouping of these rotorte varies, of , 
course, almost acl infinitum with the extent of the works of 


Thb first records that we have of the 'utilisation of ooal-gas for which they form part, and with ■the fancy of tho ongineers by 


lighting purposes date from about the middle of the seventeenth 
eentnry; before that time there ore many legends, os we may 
oall them, of the rising of inflammable gas from tho earth. 
The sacred fires in the East, and in some parts of Europe, 
dcmbtlesg drew their supplies from this source; and, curiously 
snongh, the Chinese claim the honour of having used what may 
be termed natural gas for illuminating purposes many centuries 
•go. About mMdUe of the sevent^fli centaxy, smne papers 


whom they are designed. 

But now to proceed. Tlie retorts being charged and i:i work¬ 
ing, what is tho quality of tho gas delivered by tho staiid-piiws ? 
This, of course, varies also with the quality of the ooal employed, 
and the temperature to which the retort is subjected. The 
higher tho temperature the more volatile tho product, and the 
lo^rHhe solid remnant; while too lowr a temperature, though 
leaving less residue, develops a large amount of an intennediate 
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and oompuaiirely nueleas material, vif., tar; and it ia to iiit 
the exaot medium between these points that the attention of 
the enerineer is directed, os that is the most profitable ifas that 
hu the largest illuminating power. The gas evolred at too 
great a temperature approaches somewhat in its proportions to 
the natural anlphurettod hydrogen, which bums with consider¬ 
able heat, bat with little light; and therefore the main object is 
to release from the retort the gas the moment it escapes from 
the oosl, before it is subjected to the further heat whioh would 
reduce its illuminating power. 

We will suppose, however, this result to be succossfnlly 
obtained, and that the gas in the stand-pipe is as good as can 
bo mode. It is not yot fit for use, as it contains vapour of 
naphtha, and tar, some steam, and compounds of ammonia, with 
other impurities, whioh, if it vfore sent forward at once for use, 
would condense in the pipes and interfere with the supply, or 
create an offensive smell in the process of combustion. This is 
specjatly tho caso when sulphuretted hydrogen is present, as is 
often the caso; while whon carbonic acid enters into the com¬ 
position of tho gas its lighting ijower is much reduced. Tho 
next process is os under. 

Tho stand-pipes above described are geiiorolly conducted into 
a cylindsioal receiver, into which their ends aro reversed, and 
the condensation of tar and other matter, viz., coal-oil, is 
allowed to fill this receiver above the level of tiio ends of 
pipes thus introduced. When not at work they aro thus her¬ 
metically sealed, and it therefore becomes possible to draw tho 
ohargo of any particular retort without interfering with tho 
others. From tliis receiver there is an overflow pipe to the tar 
cistern, so that the contents aro always kept at a certain level. 
Tl»e next point is to reduce tlio temperature of tlie gas, wliich 
at this point of course is high, to somothing not much exceed¬ 
ing tho external air. This is done by passing it through a 
Tofrigerator, or condenser; and in tho course of this process it 
deposits all tiioso oloments whioh it could not retain in suspen¬ 
sion at tho ordinary temperature of tlie atuiosphero. Borne- 
times cuirents of cold air only aro employed, and sometimes a 
ciroulation of cold water through what may bo called tho double 
jacket of the condenser, which takes various forms in the hands 
of different engineers; tho result, however, being in all cases 
tho same—that the products of condensation thus dopositod aro 
led away and depositod in the tar cistern ; and the gas, thus 
reduced to about tho ordinary atmuspheric temperature, has 
next to bo subjected to tho action of tho purifier, which has 
to remove whatever sulphuretted hydrogen and carbonic acid 
remain in excess. Lime, either wet, in tho form of milk of 
lime, or else dry, is tho material that has been up to this time 
most nsually employed, but now some forms of oxides are coming 
into use, and tho quantity of lime is regulated by the quality 
of the gas. Supposing the per-contage of impurity to be elimi¬ 
nated is 5 per cent., 15 pounds of lime to tho 1,000 cubic foot 
of gas is oonsidered to lie about the proper proportion, and, of 
course, the various calcalations as to bulk, etc., follow from the 
size of the works. 

There aro various tests for ascertaining tho purity of the gas 
after'it has passed through this process, into which wo-shall 
go further in detail in future papers. The purifier ia, in some i 
cases, a cylindrioal iron vessel, so arranged that the milk of ' 
lime ia continually stirred by moohinory provided for tho pur¬ 
pose, and when it has answered its purpose—i.e., when too foul j 
for farther use—there is the necessary provision for tho removal 1 
of the foul and substitution of a fresh iiiateriul. 

Before, however, tho gus enters the purifier, it hqs to pass 
the exhauster, an apparatus invented for tho purpose of relin-ving 
the mvoree pressure exerted upon the retorts by the passage 
of the gas tlirough the cylindrical receiver, or hydranlic main, 
•and other portions of tho apparatus. The means are merely 
meohonioal, consisting of 'various applications of valves, ^opt 
oonstsnily la motion by Btenm-power. This has the effect of 
reduoing leakage in the retorts, if there is any flaw, and of 
prodnolng a more favourable condition of combustion; as it has 
been asoertained that if subjected to heat-under pressffre the 
illuminatinff power of the gas in ^ruocss of evolorfon is much 
diminished. 

Another method of purifying is by dry lime, tho gas being 
passed through a eeries of meves upon whioh it is spread; and 
another process has been patented by whiob a sort of ^chi- 
median Borow is kopt constantly revolving in the lime liquid, and 


the gas and milk of lime being far more thoroughly mixed than 
by either of the previously desoribed methods, a more perfect 
result is obtained. 

The gas being thus made, cooled, and purified, it ia neces¬ 
sary to store it, to provide for the necessities of consump¬ 
tion, so that it can be distributed as required at an eq'oable 
pressure; and for this purpose are constructed the large 
circular gas-holders, popularly and erroneously called gaso¬ 
meters, which are the familiar and distiugnishing feature of 
all largo gas-works. Those ore oons'tructed of wrought iron, and 
may bo compared in form to an inverted tumbler, as they must 
be invariably provided with a tank of water, into which they 
snbsido when out of nso. Their size is in proportion to tho gas 
required to bo consumed within a certain time, and there should 
always be a considerable margin, in case of any accident to the 
retoita or other portions of the apparatus. The action is as 
under. They aro suspended and confined in their position by 
columns, generally of cast iron, on which are pnllo^h), with chains 
attached, to which are heavy counterbalanced weights. 'When 
empty they aro down at tho level of the water, or nearly so; 
as they fill, the pressure of -the gas gradually lifts them 'to the 
extent of their construotion. The cisterns in whioh they work 
aro sumetimoa built of brickwork, and sometimes of masonry; 
and sometimes, when the situation of the works renders this 
class of building difficult, a double cistern of wrought iron or 
cast-iron is substituted, between the inner and outer skin of 
whioh tho gas-holder tmvcls up and down. 

A recent improvement in gas-holders is tho introduction of 
ilio telescopic principle. If made in a single cistern and 
piece, great space is required on the plan, in {proportion to tho 
quantity of gas stored; bnt by tho introduction of tho 
tolcscopio principle, three times tho storage can bo obtained 
upon tho sanio ei'tetit of ground, tho three eiatenis, one above 
the other, subsiding when empty into the height of a single 
ono of the three ; while when f^l, with gas-tight joints at the 
junction, they are drawn out to their full height like tho joints 
of a tcluscopc. It is rarely necessary to change the water in 
a gasholder, because its surface soon becomes covered with 
a stratum of coal-oil, which prevents evaporation to a great 
extent. 

Having thns described the manufacture and storage of gas, 
wo now proceed to the question of its distribution by means of 
gas-mains ; nnd, of eourso, tho first question is tho quantity of 
gas required to bo delivered within a given time. This has fre¬ 
quently been made tho subject of experiment, and tho resnlta 
have behn tabulated : we ■will, however, quote a iiguro or two, 
showing the results which have been thus ascertained. A pipe 
of about 4^ inches in diameter, and 1,000 feet long, will deliver 
2,000 cubic feet of gas per hour, while one of 9 inches, or 
rather more, 2,000 feet long, will deliver 6,000 feet per hour j 
the formula being, that under similar uiroumstances of pressure, 
tho powers of transmission of different pipes are directly in pro¬ 
portion to the squares of their diameters, and inversely as tho 
square root of tlieir length. 

Cast-iron socket-pipes aro- generally used for tho principal 
mains, the joints formed with a luting of clay run with lead, 
driven home by a mallet and chisel. The lessor pipes for 
' house supply are mostly drawn pipes of wrought iron, while the 
smallost pipes—viz., those which serve only single burners—are 
usually of tin or pipe ‘metal. Into the detailed des(rfption of 
various kinds of bumei's, gas meters proper—i.e., machines for 
measuring the quantity of gas burnt—gas regulators, for control¬ 
ling tho pressure, and other similar inventions, we shall enter 
in some future papers. The industrial aspect of tho question 
is a most important one; it is no exaggeration to say that 
hundreds of millions of pounds ore at thp moment invested in 
plant for tho mouufacture of coal-gas. And to gi-ve an idea of 
tho extent to which enterprise is developing tho system in this 
country alono, we may mention that in 'the session of 1870, there 
were,forty gas bills urtroduced into Parliament, autborising an 
additional expenditure in that year only of more then A3,000,000, 
while in the present session, 1871, the nnmber of similar bills 
has increased to forty-five. 

Such is the importanoe of tho manufacture, of whioh a rough 
outline only has been given, bnt which is sufficient to show the 
method adopted iu its manufacture iu retorts at the gas-'werks, 
its storage in ^s-holders, and its distribution for general con¬ 
sumption through pjpeit«f various sizes. s 
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MINING AND QUARRYING,—IV. I 

BT axosas gijujbtonb, f.c.s. ' 

COAL. j 

WIKNlNa—BT LBVJtL—BT SIKKINfl-CHOICK OF LOCALITT— j 

SIMKlKa THE SHAFT — FOEWC AND FlTTINas — UNDBB- ! 
OBODNp PLAN OF MINE—POST AND STALL, AND LONO- ; 

WALL 8T8TEM8. ] 

The mode of at the coal depends upon the nature of 

the ground, and the level at which the workable seams occur. ' 
The simplest case is where the country is hilly, and the seam 
to be worked extends above the level of the valley. It can then : 
be reached by driving a horizontal gallery or small tunnel from | 
the hilhsido until it outs the seam. A miner, however, would ! 
'not adopt .a dead level, but would make it rise gently from the ' 
ontranoe, so that the water should not collect in the workings. 
Thus the expanse of pumping would bo saved. A tramway laid 
along the gallery would connect the productive part of the mine 
with the outside world. i 

The majority of mines am, however, below the surface, and the 
oool can only be reached by sinking. In this case the oxcava- i 
tion, instead of being 
horizontal, is perpondi- ~lCt 0~ 

«nlar, and is called ^ I 

The sinking of | 1 i HI 

» shaft is often a 11 i M ||M mm ^m 

tedious and very oxpen- Q 0 I |HHH HI 

eive operation, and lie- a||I|[X 

fore commencing it has Iffi ^ j 

tto be considered iB w I 

«ngino-pow(A, lias 'IV | ^ ^| m|||| mi|[| H 

been known to cost HI i IH 

JBlOOjOOO, and to oc* H < ^H ^H |^m 

■enpy ten years to com- l||m 

The shaft in a deep M 111 

mine being the centre III > Ml H| Hi 

from which all the ||l IHI BH HI 

Bubsoquont operations IH HIl^HHi 

ramify, it should be 'M’ HI IH HH l| 

pnt in the most convo- I llj I !■ HH ■■ 
nient situation for the DH HI IH HH II 

underground workings. i HH ^HJI^UI 

If the ground is broken JbI |||J|m|H|^IHi 

by faults, it should be fil 

removed os far as pos- ^9 ^|||S||n|||m|W pMIIIIII M 

Bible from them; and 

as a general ride it *• 

Bhould be towards the 


new district powerful engines for this purpose should be provided, 
as it is better to have a waste of power than have the workings 
drowned thrBugh inability to keep the water under. 

The first portion of the shaft, consisting of loose or broken 
materials, and liable to contain at times a good deal of water, 
generaUy needs to be “ tubbed.” The process of tubbing consists 
of filling in the sides of the shaft with thiok staves of oak, well 
wedgred together in a strong frame, so as to form water-tight 
sides. Iron has of late years been substituted fur wood with 
great advantage. Cast-iron tabbing is made in segments corre- 
apouding in curvature with the size of the shaft, having the 
flanges by which they are fastened together on the ontside. As 
soon as any wet and soft stratum is approached, tho segments 
are fixed together round tho sides of the shaft, and the upper 
part loaded with heavy weights, so that it sinks down of its own 
accord os the labourers dig out the mud or saml from the midst. 
Any number of rows of these segments can be fastened one upon 
another according to the depth required. 

During the process of sinking the pumps are so arranged that 
they can be let down gradually as tho work proceeds. They 
hang upon tackle passing over pnlleys, and descend by their 

own weight as fast as 
||iB|||lli||l||Hi|jft I ^ho excavations will 

ll||ji> allow; a flexible hose 
^1 HL ^HI Ml n ll| is att^hed to tho spout 

mi I H 1^1 HH M |i| in order to convey the 

^1 — I HI Hi HI || water to the cistern. 

readily be understood 
■H|| by reference to Fig. d. 

At every twenty-five 
HI to thirty fathoms a 

^ H cistern is made in an 

■ I excavation of the rock, 

I and for that portion a 

J H permanent pump is 

H then provided. In some 

. ^ H; oases lift-pumps, and 

HI ^H ^H I ^1 ^1 ^1 H ' ^ others force-pumps 

I Hi IB ^H Z'^H H IIB n I are used. They are in 

mi Ml ^H I H Hi HI I ' constant requi- 

JM H ^1 I^HIH IH B I ' sition as long, as tho 

mimi ^H X^HHIB'^II nolUery lasts, and in 

Bi HI ^H I H IB HI H ’ wockiugs, where a 

IHIHIIII H Isrge area has boon ex- 
'MMH'BI^hHMI Ml M H ovated, they are kept 

going night and day, as 

immH M l M Illi illiMl l M HB the amount of drainage 

inoreases steadily in 
®- proportion as the col¬ 

liery is opened out. 



•dip and not the ontorop, because the pit should drain to the 
bottom of tho shaft, and tho cool-laden trucks have to be 
brought to tho same point. 

The spot being determined, wo will suppose a first-class daep 
pilf to be opened up. In order to economise expense, the one 
shaft must eervo for pumping, ventilation, the ascent and descent 
of the miners, and the bringing of the coal to tho pit’s mouth; 
-though in very egetensive workings a second shaft would have to 
be sunk. 

Hie best form of riiaft is the circular, that being the etrongest 
in proportion to the quantity of material employed. It is nsnally 
■divided by brattioee into four equal segments. One of those is 
devoted to the pnmpe, a second to ventilation, and T,he other 
two to the ascending and descending coal buckets. Tho diameter 
of auoh a shaft is usually about fifteen feet. 

The principal difficulties connected with the sinking do not 
■eonrist in the hardness of the rook whidh has to be excavated, 
because that is a mere question of labour and tho use of gun¬ 
powder. When very hard, several holes are drilled near the 
■outmr part of the circle and charged; the workmen can then 
■come up out of the way of danger, and all the charges be fired 
Bimnltimeonriy by an electrie battery. Water is the artiole whidh 
gives the workmen most trouble. They are anre to out feeders 
of water, ospeeially at the junction of different layers of rock, 
•nd often of very wet sand, which are the most troublesome 
of alL To guard against tbeso eventualities, it is always nooos- 
"VT to have pumping power ready, and in pieroing through a 


Having thus sunk the shaft down to the seam which is 
intended to bo worked, the coal is said to be toon. Tbe plan 
of working the mine has now to bo laid out. 

This has to be regtdated by several considerations, the object 
being to remove os much of tho coal as possible, but in such a 
manner as to secure a thorough ventilation of the mine, and 
the safety of the miner from tho falling in of tho roof. 

The shaft a, as shown in Kg. 9, is sunk near the dip-head, 
so that as the workings are extended the water shsll drain 
down to that point; and in order to collect it, a dip-head level, 
B B, is out in the first instance. The first working gallery, C C, 
is then made, nsnally parallel to the other, extending from the 
pit bottom right and left. From this the galleries run up 
towards the outcrop in parallel lines, whidh, os they advance, 
are connected by others at right angles, so that the mine 
assumes the appearance of on underground city laid out upon a 
rectangular plan, the blocks of houses being represontod by the 
unworked coal. No uniform system can, however, be adopted, 
08 the idan of operations has to ho modified according to the 
speoial circumstances of every mine. Tho diagram will serve 
as a epeoimen of what is called panel-teorkiny, with post and 
stall, from a single shaft, a plan rather common in tho New¬ 
castle district. 

All workings may bo considered as modifications of tho po$t 
and, stall, or of the /onjj-wall system. Tho latter is more gene¬ 
rally adopted in the midland counties. 

We will take post and stall first It has other names, auoh 
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M board and pillar, or in Scotland stoop and room. The pillnn 
or blocks of nnwronght coal support tho roof, and the gadleries 
bstween them being comparatiTcly narrow, a system of Tcntila- 
tion oan be arranged by closing up some of &em with doors, 
which oould not be accomplished were the mine worked 
irregnlarly, and with large open spaces. Upon the panel 
qrstem the whole colliery is laid out in panels, of which ono 
complete one and ports of three otheys are shown in the 
diapwn, with thick walls of coal between each, perforated 
only here and there, just sufBciently for oommunication and 
Tentilation. Tho whole miim being opened np in this way, tho 
pitmen proceed to work oat the pillars oomplotoly, beginning 
with those in the farthest comers, where the pressure from 
above is most divided. While those are being removed, pit- 
props of timber have to bo inserted to support tho roof. As 
each pillar is cleared tho men draw out tho props, beginning 
with tho most distant ono, and allow tho roof to fall in, filling 
np the space with broken stone, which is ttien termed a go(^. 
Otoe by ono the pillars disappear, and tho goaf extends, until 
the whole of tho ojal has been worked out of tho panel, the 
panel walls in their turn being worked away os far as possible, 
so that very little ooal need bo eventually lost. 

Upon tho old system the passages used to bo made much 
wider, and the pillars only large enough to support the roof; 
bat t^t orrangemont has several disadvantages. The whole of 
the weight being thus left to rest upon a small area, the pillars 
were sometimeB forced down into tho floor, which would bulge 
upwards and form a creep; or if tho roof were tender, it would 
be apt to break away and fill up tho passage, which would 
be a *il. These ore both very difficult to cure, and ere very 
objootionablo, os they not only prevent the passage of tho 
workmen, but also derange tho systems of drainage and ventila¬ 
tion. 

The two golIerioB i)D, which run directly from the 

shaft towards tlio crop, are termed tho winning headiuny, which 
is always carried rather in advance of tho otW workings. It 
is the main channel of oomnpinioation, by which the coal from 
the more distant parts is brought to the pit bottom, and which 
also brings the heated air, after having made its circuit through 
the workings, to the upcast shaft. This headway is, of course, 
kept in offeefivo condition throughout the progress of the mine, 
and is tho last part that would be touched. 

The principles npon which the ventilation of such a oolliery 
would be oondttctod are indicated by the arrows, the passages 
being closed by doors where the cross lines ooeur. There is no 
diffloulty in ostabUshing a current of air in a deep pit, hocanso 
the temimrature at the bottom of tho shaft will bo naturally 
much higher than at tho top, and tho shaft being divided into 
segments, the hot air is made to pass constantly up one of them 
(called tho npeast shaft) by having a fnmaoe at the pit bottom 
oonneotod with that sogmout, while the fresh air from above 
ooming down tho downcast shaft, is conducted at once into the 
galleries. 

Upon the long-wall qrstem, tho dip-head level, the winning 
out walls light and left, and the winning headway must first bo 
made os before; and then oommenoing at some little distance 
from the shaft, long gaUerios would be driven parallel to one 
another. The miner then proceeds at once to door out the 
ooal between each gallety, allowing the roof to fall in as he 
ptocee Is, except wherever it may be neoessory to keep a passage 
open for the sake of ventilation. The mine thus presents a 
series of long walls, and the pitman holes or undermines the 
ooal with his pick as deep as he con roach right along tho lino 
of the wall, when the pressure from above—there being no 
support on the other side—steadily breadcs the coal np; or if it 
thoidd prove too firm it is broken down with wedges. On this 
plan, therefore, the miner is constantly working with a falling 
roof almost immediately behind him; but npon the whole it is 
not found to bo more dangrerous than the other system, while it 
is rather more eoonomioal of coal. If tho roof should prove to 
be tender, it is shored np with props to a soffioient distance to 
protect the men, or they make a supporting wall of the blooks 
of stone which can be got out of the goaf. Those passages 
which require to be retained are permanently walled np with 
atone, ao as to keep the roof entire. In this mode of working 
the air-paeaages are frequently made to oroas, one being carried 
under the o&er through a little tmmel. 1^ the long-wall 
method the workinga are oarrifid from the hhaft outwards, the 


ooal-seam being thoronj^ily deared as the wodc proceeds; but 
as it ie of tho greatest importance that tho shaft should not bo 
liable to the least disturbance, which might Msily stop tho 
oolliery altogether, and endanger the lives of the men, a solid 
mass of ooal is always left untonohed immediately round tho 
pit bottom. 


BIOGRAPHICAL SKETCHES OP EMINENT 
INVENTORS AND MANUFACTURERS. 

XI1.-<3ENEEAL DUDD DODLBT, 

BY jaUBS OBAHX 

This oelobrated Cavahor ofBoer and faithful adherent of Charles 
the First, the inventor of iron-smelting by pitrCoeU, jvas bom 
during the reign of Queen Elizabeth, in 1599. 

Prior to his time, iron had been cUefly imporUd by the Steel¬ 
yard Company of foreign merchants in Upper Thames Street ( 
tho great coal resources of England were yet undeveloped; her 
old forests of the Saxon times were disappearing fast; and tho 
severe restrictions enforced by the Logielaturo against tho use of 
wood in iron-smelting had tho effect of nearly extinguishing tho 
manufacture, as the old iron-smelters maintaiuod that it was 
impraetioable to reduce tho ore by any other ijrocess than by 
moans of pharooal-wood. Sturtovant, a German skilled in mining 
operations, suggested the adoption of earth-coal and brush-fuel 
in a “ Treatise ” which he wrote; but I)add Dudley wa.s tho first. 
Englishman who, on finding that his furnaces wore failing by 
the want of wood, adopted pit-ooal in its place, and in spite of 
all local prejudice. 

' This spectator was tho natural son of Edward Lord Dudley 
(of Dudley Castle in Woroestcrsluro) and of Elizabetli Tomlinson ; 
he was one of eleven children by the samo mother. All these 
wore educated with care by Lord Dudley, who bestowed Noth- 
erton Hall upon tho oldest brother of Dudd, while their sistom 
were all married well among the best families in the oounty. 
After completing his studies at Baliol College, Oxford, Dadd, 
who was a specif favonrito with his fatlior the carl, was sent 
by him in 1619 to toko charge of two forges and an iron furnace, 
possoSBod by him in tho chase of Ponsnet, Woroostershirc- 
Finding wood scaroe, ho immediately employed pit-ooal as u sub¬ 
stitute ; and so sacoessful was the result of the first essay, that 
he was resolved to iwrsevore in its nse. Though tho portion 
produced by tho new process was somewhat little—^boing about 
three tons per week from each fumaoo—ho confidently expected 
that increased experience would enable him to double the quan¬ 
tity; “and at all events, ho had saocoodod in proving the 
practioability of smelting iron with fuel made from pit-coal, 
which many before him had tried in vain.’’ 

Through his father tho oorl, who was then in London, he 
sought for and obtoinod from King James a patent for his in¬ 
vention ; and it was issued in Lord Dudley’s own name, on the 
22nd of Fobmary, 1620. In addition to his manufactory for 
iron at Ponsnet, Dndd Dudley now erected another at Cradley in 
Somersotshiro; and a year edter the issue of tho patent, be 'was 
able to send, in obedionoe to the king’s command, a groat quantity 
of this new iron to the Tower of London, where its qualities 
were fully tested for various purposos. Dudley was now on the 
high way to fortune, and there was every prospect of the new 
method of smelting becoming fairly established as a staple 
manufaotnre, when oalamitios none oould foresee fell upon the 
inventor, to groat joy of many rival iron-smolters, who eitlmr 
envied him the possession of hia i>atent, or adhered obstinately 
to tho use of charoosl. 

On Hayday a groat flood swept away his works at Cradley. 
and damaged all the district of Stourbridge, where tho river rose 
BO high that all tho lower portion of the town was submerged by 
water, and the hostile iron-masters now hoped “ that there waa 
an end for over of Dudley’s pit-ooal iron.’’ However, be soon 
repairod his forges and furnaces, and had them all in working 
order for suppljdng the market. His rivals now endeavoured to 
inflnenoe tho king against him; honoe he was again ordered to 
send to the Tower a fresh supply of lua iron for peonliar testing ; 
and on proof, it waa found fit for the manufacture of mnaketa, 
oarbines, ehip-bolte, and so thorough^ exoellent in quality) 

Ida eneinisB ware silenced till the year 1634, when they made 
inoiedible exertkma toiJbaTe his patent ab^Uhad by a atateto 
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iridoh was passed in that year, for sweepiner away old ntonopolies; 
butaU they could oacomplieh was a limitation of the said patent 
to fourteen, instead of thirty-one years. Dudley now poured 
vast quantities of iron into ^e market yearly, and also mnnu- 
footured all manner of cast-metal ware, brewing cisterns, pots, 
pons, mortars, and weights; but notwithstanding his complete 
temporary snooesB, more misfortunes of a sorioua nature were 
in store for him. 

A gonoral combination of his rivals, who sucoeedod in fasten¬ 
ing vexations law-snits npon him, drove him in succession from 
his works at Cradley, from others he hod oreotod at Himlcy in 
Staffordshire, and also from a large now fumooo ho oroutod near 
Sodgoley, and hod provided with mrasnally largo bellows. The 
latter works were barely completed, when a mob of rioters, 
instigated by the oharooal-smoltors, cut the great bellows to 
pieces, toe down the stone furnace, and destroy^ the machinery, 
laying the whple place in hopeless ruin, and from that day 
Dudley had no peace. His creditors swooped down npon him, 
and he was sent to London a prisoner, and detained in the 
Comptoir for debt, leaving tho exulting charcoal-smelters in 
full possession of tho field. 

Charles I. was now upon the throne, and that humane king 
took pity on the unfortunate inventor whoso deep-laid ingonnity 
and persevering industry had availed him so little; and on 
Dudley’s release from prison ho granted him a renewal of his 
patent in 1C38, throe other persons—a Sir George Horsey, David 
Kamsay (a Scot), and Eogcr h’onlke—joining him as partners, 
luid providing tho requisite capital for smelting on an cxteiidod 
scale; but barely was the patent soenrod when tho groat Civil 
War broke out, and all over tho land the plough and the hammer 
wore relinquished for tho sword and musket. Dadd Dudley now 
attached himself to the fortunes of his patron the king. In tho 
ytior jirior to those troubles ho bod accomxiaiiiod, in some ollieia] 
capacity, tho Marquis of Hamilton, who Wiis sent by Charles as 
l.ord High Commissioner to the Parliament and Clmroh of 
tStmlloud j and from Kdinburgh ho would scorn to have soon a 
jiortion of that then ten-a incognita, the Highlands, and also to 
have visited a Sir James Hope at the Leodhills near Glengowor, 
a wild and desolate region still, but where lead mines are yet 
worked with snecess and profit. 

In 1039 Dudley accompanied Charles in his rash invasion of 
Scotland, a movement which tho Scuts antioiimlod by entering 
England with 4,000 cavalry and 20,000 infantry under M.T,rsbal 
liusliu. Dudley was present at tbo defeat of the king’s troops 
at Newburnford on tho Tyne, whore Charles’s royal standard 
was taken and many men killed on both sides. 

In 1040 Dudley was appointed Surveyor of tho Armoury, 
but being too poor to pay the patent fees, anotiicr was tt])- 
puintod in bis place; yet ho remained stanuch to Charles; and 
when the latter loft London, after the fall of his evil conu- 
sellors Laud and Strafford, he ocoompaniod him. Ho was 
with him before Hull, tho first town in England which closed 
its gates against the ill-fated monarch ; ho was at Nottingham 
wiion tho royal standard was raised, and at Coventry when 
tho peo]>le fired on the king’s troops from its fortifications, which 
then consisted of strong walls and twenty-six towers; ho was 
I)rescnt at the battle of Edgehill, tho first rognlar action between 
Charles and the Parliament in 1(>12, and in all tho other engage¬ 
ments of that unhappy year. 

After serving as major in Sir Francis Worsley’s regiment, in 
1C43, ha acted as military engineer, and after strengthening the 
fortifications of Woroestor and Stafford, where tho old e,astlo of 
tho Conqueror’s time was garrisoned by tho Boyalista, ho 
furnished them with ordnonoo. After tho storming of liiohfield 
he was made colonel of dragoons, a speoies of force which then, 
and for long after, fought either on horseback or foot; and in 
this capacify he osoorted Queen Henrietta to Oxford, where, in 
Hi44, the king snmmoned such members of both hunsoa as were 
devoid to his interests. Dudley afterwards served at tho siogo 
of Glonooster, whidi was then defended by a strong wall, after¬ 
words demolished by Charles II., and with Sir George laslo ho 
led the vanguard at Newbury, lisle, the son of a London 
bookseller, was distuignished for his bravery, and was knighted 
by the king on tho field. Dudley next served at Newport under 
the famous Sir Charles Lucas, and the year 1645 saw him 
appointed genersJ of Prinoe Momoe’s train of artilleiy; and 
in ^is capacity, true to his old smeltiipg instinotB, tho iron 
eonntisB being at that time in the honu of the cavaliers, he 


tamed his practical experience to oooount by tho toging of 
small drakes (i.e. C-pouuder field guns) of bar-iron for the 
king’s service. 

When Goring raised his standard in Essex, and was besieged 
in Colchester, Dudley endeavoured to join Urn at tho head of 
260 horse, rained mostly at his own oxponse. Those, while 
posted in a wood near Madeley, were attacked by a body of 
Cromwcllians, and were all killed, dispersed, or taken prisoners. 
Dudley, two majors (Elliot and Harcoort), a captain, and a 
comet were taken, stripped almost nuked, and conveyed with 
every indignity to Woreester, where they wore thrown into the 
eommon prison. Harcourt wan severely scorched by gun- 
matches. Dudley, who had been wounded in the leg, Mid 
Elliot effected their osenxie, but wore holly pursued. Travelling 
only in the night, and hiding in trees by day, they reached 
London, after pruceediDg 111 miles on foot, only to bo re-taken, 
and sentonood by tho Committee of Insurrection to be im* 
prisoned in tbo Gatehouse of Westminster, from whence they 
were to be taken on a certain day, and shot to death with other 
luckless Iloyalists thou in tho hands of Oliver Cromwell. 

Ere this fatal day came Dudley was again free. During the 
time of sermon on Monday, the 20th of August, 1048, Dudley, 
Sir Henry Hates, and nine other captive cavaliers, snoceedod in 
suddenly overpowering their warder, in breaking out of prison 
and making for tho open country, when they dispersed, each 
one to shift for himself. Dudley’s wounded limb sorely im¬ 
peded his progress, and ho had to proceed on crutches, and of 
course while iicnnilc.ss, through Worcester and Gloucester to 
Bristol, on uTtu occasion having to remain hidden for three 
weeks in a hay-mow. 

Tho king beheaded, liis adherents dispersed or in prison, 
Dudley’s eareor as a soldier was over. The estate left him by 
the c:irl his father, a i>lacc eallnd Green Lodge, valued at ^200 
per annum, hiul become tho prey of a Cromwellian named 
Major Wildman ; his house in Worcester luwl been seized, and 
his wife turned into the streets; liis iron-works wore destroyed; 
all tho oflfices he had held under King Charles were gone; and 
ho was now menaced by destitution and starvation on the 
highway. 

Poor though he was, ho was still master of tho secret process 
of smelting iron by j>it-coal, and ho lived on in tho hope of one 
day turnieg it to account again. After tho defeat of tho 
Scottish Jloyiilista at Woroesber, tho pursuit of their English 
brethren soon ce.-ufed, and Dudley, emerging from his lurking- 
place at Bristol, succcc<lo<l in inducing John Stone, a merchant, 
and Walter Stevens, a linendrapor, both of that city, to join 
him as partners in a forgo and furnace to 1)0 erected near it; 
but, unhapiiily, a quarrel ensued among them ; the works were 
stopped; llio omiccru was thrown into Ohouoory, and, of course, 
romainod there hopelessly. 

Major Wildinaji, a fighting preacher, hod boooino possesBor 
of Dudley’s little e.stato, in the hope of extorting or disoovoring 
somehow his secret of iron-smciting; but in vain. He cut down 
all tho timber, however, and demolished two mansions that wore 
on it, and sold tho materials. 

At tho Itostoration in lOtlO Dudley petitioned tho king for a. 
renewal of his patent, and for some compensation for the heavy 
losses ho lind sustained during tho war. Ho foiled to procure 
tho former and also the latter, for Charles was besieged by 
similar petitions, and by applieations of all kinds from England 
and from Sootlaud too. llndetomxl by his bad snecess, how¬ 
ever, he petitioned again that ho might receive his rank in tbo 
Ordnanoc, bo api)oinled Master of the Charter House in Smith- 
field, or to any living which would support him, for ho was 
in his sixty-first year, and all that he had undergone had sorely 
injured his health; and as o reward for his porseveranoo ho ob¬ 
tained tlio office of Serjeant-at-arms. 

A few yeors Liter, ho suocoeded in ousting Major Wildman 
from his estate in tho country, and resuming there tho i)roeeaB of 
iron-smelting. Ho roslorod his works at Cradley, and erected 
three great forges at Green Lodge. For many years more ho 
conMnned to proseento the mannfactnro of iron, till eventually 
he retired to the village of St. Helens in Worcestershire, where 
ho died in 1085, in the eighty-fifth year of his ago, 'and was 
buried within the walls of the parish church. So closed a long 
and stirring life. _ , e -i. 

“ Dudley’s invention of smelting iron with coke moao of pit- 
oool was, like many others, born before its time,” says tho 
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aatlioc of “ Indnstxial BioBtaphy;” “it was neither appreciated 
by the iron mosten, nor by their workmen. All other schemes 
for smeltinB ore with any other fuel than charcoal made from 
wood were regarded with inorednlity* As for Dudley’s Metalvm 
llartis, as it contained no spooification, it rerealed no secret; 
and when its author died, his secret, whatever it might be, 
died with him. Other improvemente were doubtless neces¬ 
sary before the invention ooold be turned to useful account. 
Thus, until a more powerful blowing-furnace had been con¬ 
trived, the production of pit-coal iron must necessarily have 
been limited. Dudley himself does not seem to have been able 
to make more on an average than five tons a week, and seven 
tons at the outside. Nor was the iron so good as that made by 
the charcoal; for it is admitted to have been especially liable to 
deterioration by the sulphurous fumes of the coid in the process 
of manufacture.” 

BUILDING CONSTRUCTION.—XVI. 

BOOFS (emtinaed), j 

Thx following terms are constantly used in relation to roofs, 
and the explanation of them here will be found of service to 
the student:— ! 

Wall-plates are pieces of timber hud on the wall in order 
to distribute the pressure of the roof equally, and to bind the 
walls together. Were it not for wall-plates, the tie-beams of a 
roof or &e joists of a floor would rest on single bricks, whilst 
the spaocB between tlio joists would not in any way assist 
in bearii^ the load. The wall-plate lying on the whole length 
of the wall, therefore, spreads the pressure over all the bricks, 
and the trusses, or joists, rest on a frame of timber. 

Trusses are strong assemblages of timber, generally of a 
triangular form, serving to support the purlins on which the 
common rafters rest. They are ^sposed at equal distances, and 
are used when the expansion of the walls is too great to admit 
of common rafters ^ono, which would be in danger of being 
bent or broken by the weight of the covering, for want of some 
intermediate support. 

They ore variously constructed, according to the width of the 
Building, the contour of the roof, and the oircumstancos of the 
walling below. 

Tie. —Any piece of timber oonnectod at its extremities to 
two others acted upon by opposite pressures, which have a 
tendency from each other, or to extend the tie as a rope 
-or chain. 

Straining-piece. —A piece of timber connected at its extremi¬ 
ties to two others acted upon by opposite forces, whioh tend 
to proas them together. The straining-piece, by being placed 
between them, serves to keep them apart, and, further, acts as 
an abutment for the external pressure. 

Hence a tie and a straining-piece act in a manner exactly 
opposite to each other—the one draws the ends of two pieces 
of timber together, the other keeps them apart. A rope, chain, 
or iron rod could be used for the tie; but the straining-pioco, 
whioh has to bear end pressuxe, must bo always stiff and 
inflexible. 

Principal rafters, or, as thqy are sometimes called, “ princi¬ 
pals,” are the two pieces of timber which form the sides of 
a_ truss; their lower ends being mortised into the end of the 
tie-beam, or resting in an iron shoe, whilst their upper ends 
abut on and support the head of the hang-post. 

_ Purlins. —Horixontal pieces of timber resting upon the prin- 
■ nipal rafters, and at right angles to thorn; they pass from truss 
to truss, and across these again are laid the 

Common rafters, whioh are pieces of timber of a smaller 
.section, placed at equal distances across the purlins, parallel to 
-the principal rafters. They support the boarding or battens to 
-which the slating is fixed. 

The tie-beam is the horisontAl piece of timber whioh forms 
tlte base of th3 triangle or other figure of whioh the truss may 
consist. As already mentioned, it receives the ends of the 
principal rafters, and is strapped up to the king or queen posts. 
The tio-beam answers a twofold purpose—^viz., that of prevent¬ 
ing the walla from being pushed outwards by the weight of the 
covering, and of supporting the ceiling of the room below. In 
some cases it is found deeinble not to place a tie-beam at the 
loot of the rafters, but to use it as a connecting link higher up, 


Boiqething like the horizontal line in the letter A; in this case 
it is called a collar-beam. 

King-post —This is an upright piece of timber in the middle 
of the truss. Its upper end acts os a key-stone of On arch, 
against whioh the principals abut, and, being thus supported, 
the tie-beam is strapped or bolted up to its lower end; and thus 
not only is sagging of sinking prevented, but abutments ore 
formed for stiruts, whioh give support to the principals in points 
between the tie-bW,m and the king-post. 

Queen-posts .—^Upright pieces of timber, framed above into 
the principals, and supported by a straining-piece or strut, 
whilst to their lower ends the tie-beam is bolted or banded up 
at points between the wall-plates and the king-post. Some 
trusses are constructed -without king-posts; queen-posts only- 
being used. , 

Struts ore oblique straining-pieces, framed below; into the 
king or queen posts, and above into the principal rafters, 
which are supported by them; or sometimes they have their 
upper ends framed into beams whioh are too long to support 
themselves without bending. Thgy are often called braces. 

PuncheoHs-aro short transverse pieces of timber fixed between 
two others for supporting them equally. They are sometimes 
called studs. 

Stradning-heam .—A piece of timber placed between the queen- 
posts at the upper ends, in order to withstand the thrust of the 
principal rafters. 

Stradning-sill .—A piece of timber placed between the lower 
ends of two qneen-itosts, upon the tie-beam, in order to with¬ 
stand the force of the braces, which ore acted upon by the force 
of tile covering. 

Camber-beams .—These arc horizontal pieces of timber, made 
sloping from the middle towards the ends on the upper edge. 
They ore placed above the straining-beam in a truncated roof, 
for fixing the boarding on whioh the lead is laid. Their ends 
run throe or four inches above the sloping plane of the common 
rafters, in order to form a roll for fixing -the load. This is 
shown in Fig. 154 in the next page, whioh is the roof-truss of 
the cliapel of the Boyal Hospital at Greenwich, constructed by 
Mr. S. Wyatt.. 

Auxiliary rafters arc pieces of timber framed in the same ver¬ 
tical plane with the principal rafters, under and parallel to 
them, for giving additional support when the extent of the 
building requires their introduction. They are sometimes 
called principal braces, and sometimes cushion rafters. 

Joggles .—^The joints at the meeting of struts with king-posts, 
quoen-posts, or principal rafters, or at the mooting of the rafters 
-with king and queen posts, ^le best form is that which is at 
right angles to the length of tho stmts. 

Cocking, or Cogging .—^The partioular manner of fixing the tie- 
beams to the -wall-piates. One method is by dovetailing; the 
other is by notching tiie under side of the tie-beam, and cutting 
tho -wall-plate in the reverse form to fit it. 

Ridge-tree.—-A piece of timber fixed in the vertex of a roof, 
where the common rafters meet on each side of it. The upper 
edge of it is higher than -the rafters, for the purpose of fixing 
the lead whioh goes over it to cover the ends of the slates 
in the upper course. 

Straps .—^Thin pieces of iron running across the junction of 
two or more parts of a truss or frame of carpentry, branching 
out from the intersection in the direction of the several pieces. 
They ought always to be double—viz., one on each side of the 
timbers, and their ends strongly bolted to each of the pieces. 

The uses of these various parts will be illustrated in the sub¬ 
sequent examples; but it must be understood that though 
every one of them may be found in the some roof, it is not 
necessary that any complete roof should have them all. The 
introduction of many of them depends on the distance of the 
walls, the contour of the roof, the partitions below, the quantity 
of bead-room -wanted in -the garrets, etc. 

Fig. 154 is the truss employed in the roof of the chapel of 
the ^yal Hospital at Greenwich, already alluded to. 

It is oonstrueted with two queen-posts, n b, and has two 
stmts, c c, from the foot of the queen-posts to the straining- 
beam, n, and whioh abut against a second straining-piece, x, 
underneath the first. The tie-beam. A, is also farther suspended 
from the straining-beam by an iron B, which answers the 
purpose of a king-postf % 

IBe trasses ate seven feet clear apart. The platform is 
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oorered with lead, which ia sapported by homontal beame 
6X4 inches, liie timberB of this are well disposed, and 
oontain, perhaps, less wood than most roofs of the same dimen- 
sions. 

The following are the scantlings of the varions timbers, which 
are given to enable ^ stndent to work this example to a 


It is scarcely necessary to remind the student that the tie- 
beam must be drawn first, then the queen-posts, the principal 
rafters, and the straining-beam; afterwards tl^ struts and 
straining-piece; then follow the iron rod, tiie oamber-beam, the 
purlins, and the covering. 

Fig. 155 is the roof of St. Paul's, Covent Gardon, London 



regular scale, and which should not be smaller titan a quarter of designed by Mr. Hardwick, and oonstruoted by Mr. Wapshot, in 


an inch to the foot:— 

A, the tie-beam, 67 feet long, the span of the inches. 

walls beiBg 61 feet . U x i!i 

B, quaoa-posts . 9 x i j 

C O', hcaoes or strata . 9 x 7 

B, straining-bean . 10 x 7 

E. strainlng-pieoe . 6x 7 

• F, principal nftara . % . 10 x 7 

O, camb^beamfor platform . 9 x 7 

H. Iron rod auppor^g tie-beam. 2 x 2 


the year 1796. 

Thia roof, although of the same general oonstruotion as_ the 
ohiqiel of the Royal Hospital at Greenwich, varies from it in 
several partioulars. 

There is a second pair of principals, H H, which axe supported 
on the lower, v v, by studs, and the lower principals time be- 
oomc'only auxiliaries. The queen-posts, B B, are oontinned up 
to the principals, and a king^post, d, is carried from the apex 
to the straining-beam. 
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Tho followioiC BcantliHf^R aro giron fot tho samo roaaon as 
in the last oaso:— inclios. 

A, the tio-lieaiii, spaniuQg SO foot 2 iuchee ••• 1C x 12 

B, queen-poste .9 x g 

C, gtruning-beam .10 x 8 

D, king-post (14 iuclioa at tho joggle) . 9 x 8 

E, struts . 9 X 8 

F, BUxiHary rafters at bottom .10 x 8j 

U, principal rafters at bottom . ... 10 x 8^ 

I, studs supporting the principals.8X8 

It will bo aeon that this root oonaista of an outer truss sup¬ 
ported by an under ono, tho wholo projuoting sotou foot boyond 
the walls. 

Kg. 15(5 ropreeente the present roof of Drury Lano Thoatro, 
London. Here aro both principals and auxiliary rafters, tho 
tie-boam being suspended at two points from the former, and 
two from tho latter, the two first queen-posts being tho inner 
ones. Those are kept apart by tho straining-beam, againet 
which they aro pressed from the outer side by tho auxiliary 
rafters. Struts are placed between tho foot of tho priuci]>al and 
the heads of tho secondary qnoen-posts, and tho bearing of tho 
Bub-raftors is still further rodnoed by a strut from tho foot, and 
on tho other aide of Uio small qnoon-posts. Tlio Btroining-boau) 
ia supported by a king-post,' from tho apex of the principals, 
which in their turn are supported by struts from tho foot of tho 
king-post, tho other portion having a oontinnous bearing on tiio 
auxiliary rafters. 

Fig. 157 shows how tho timbers are joined and etrapiiod at 
the top of tho queen-posts, tlio whole being tightened up by iron 
wedges at the lower ond of tho iron strap, os already described 
in relation to king-posts. 

Fig. 158 shows how tho ends of tio-beams are slrongthoned 
by saddlo-piooes, and how tho principal and auxiliary rafters 
are inserted and bolted on to them, ft will be observed that 
tho heads of both the bolts pass through the same iron plato, 
which ia bent at tho oblique part of the saddlo-pioca, so tliat 
tho head of the bolt may be at right angles to its length. 

Tlio method of drawing both the last figures is so preoisoly 
similar to tho previous cxoinplo, that no farther instructions 
aro nooossary. _ 

CIVIL ENGINEERINC_^VTT. 

n? E. O. niRTHOLOMKW, C.E., M.B.K. 

CANALS. 

The Cromferd canal, constructed by Jessop, and completed in 
1793, offers some points of interest to tho engineer. The 
width at tho top is 26 feot, but in tho Kiploy tunnel it is con- 
iraotod to 9 feet at the surface of tho water, and from thence to 
tho crown of the arch tho height is 8 foot. Tlie tunnel ia 2,066 
yards long, and thirty-three shafts wore sunk in its oonstruo- 
tion, some of which aro 210 feot deep. Tho cost of tho work 
averaged £7 per lineal yard. An aqueduct bridge, 200 yards 
long and 30 foot high, having a span of 80 feot, convoys tho 
eonal over the Derwent. Tho supply reservoir over tho Bipley 
tunnel has an area of 60 acres ; it is 12 feet deep, and contains 
2,800 looksfuU of water. Tho embankment of tho reservoir is 
200 yards long, 166 feet wide at tho base, and 12 feet wide at 
tho top. Tho oost of cutting and wheeling the clay to form tho 
reservoir was 3 id. per yard cube, and for gravel 4 id. Tho 
entire canal cost 4180,000. The boats navigating it are 80 feot 
long, 7 feot 2 inches wide, and 3 feet 4 inches deep. Tliey draw 
21 feet of water when loaded with twenty-two tons, and only 9 
inches when empty. 

One of the more important canals in this country, before the 
development of tho railway system, is the Ellosmoro and 
Chester, connecting tho Severn, Doe, and Mersey. Tlio entire 
length is 103 miles. The most important feature of this canal 
ia the aqueduct over the Doe at Font Cysyllte. It is 125 feet 
high, the supporting pillars being 52 feet apart. Tlie aiiueduot 
itself oonsista of a cast-iron trough, 320 feot long, 20 feot wide, 
end 6 feet deep. The earthen embankment whioh meets the 
aqnodnot attains a perpendioular height of 75 foot at the point 
of meeting, and the whole squednot, iaaluding the trough, ia 
1,007 feet long. Tho jners supporting tho trough have their 
foundatiou in hard sandstone, and ore 20 foot by 12 feet at bottom, 
tapering to 13 feet by 71 fe^ at top. They are built solid for 
30 feet from tbo foundation, and hollow, with 2 feet thiokness .of | 


won and one cross inner wall, for the remaining 50 feet, llie 
water-way has a width of 11 feet 10 ino]iee,the towing-path, which 
is 4 feot 8 inohes wide, standing npon iron pillon over the water, 
by whioh simple and ezoellent arrangement there ia no enotoaeh- 
ment npon the water-way. The oast-iron plates forming the 
sides of tho trough are strongly riveted to the bottom plates, 
and, wherever possible, ties and braces ore introduced. The 
overhanging ■towing-path is itself a souroe of great strength to 
tho side. In Kg. 13 we show a seotion of the oast-iron trough 
and towing-path. The entire trough is ombroood witliin tho 
four letters A bod, tbo towing-path extending from a to b, 
supported by tho pillar B B'; the oross-bar x acting as a 
brace or tie. The upright a a' shows the protecting rail of the 
towing-path. The entire cost of tho aqueduct and embank¬ 
ment was ^47,018 6s. 7d., of whioh sum tho Iron-wbrk cost 
rather over 4517,000. 

An important canal, the Glonoester and Borlieley, enables 
vessels of 400 tons burthen to pass np tho Severn as far as 
Gloucester. It oommenoos at Sharpness Point in that idvcr, i<» 
ontranco being protected from tho south-west winds at that 
locality by a breakwater. Tho minimum depth of wntor 
throughout this canal is 18 foot. 

The Grand Junction Canal, with its many ramifications, 
forms by far tho most important system of internal navigation 
in this island. The 
total length of the 
system united by it 
is between 300 and 
400 miles. Tho Blis- 
worth tunnel, near 
Northampton, is an 
important piece of 
engineering connect¬ 
ed with ttis canal. 

It is3,080yarda long, 

16j foot wide, and 
has a depth of 7 foot 
from tho water-line 
■to the bottom of the 
inverted arch, and a 
height from the same 
level to tho top of 11 
feet. The side walla 
are segments of a cir¬ 
cle of 20 foot radius, 
and the top arch 
one of 8 feet radius. 

Tho sides and top 
‘are two bricks Uiick, 
and the bottom 1-4 
bricks. Tho mortar 
was composed of 1 
bnshol of blno-lioB lime to 3 of sand. At 6 inches below the 
wator-lino on each sido of tho tunnel are rails of fir, 5 inohes 
square, to keep tho barges off the walls. These aro fixed by 
pieces of oak lot into tho brick-work, standing 9 inohes off tho 
wall. At every throe yards a block of wood is fixed to tho 
upper sido of the rail, to act as a point for the bargemen to 
place their imlos against. The soil through wliioh the tunnel 
is cut is a hard blue clay, and cost 4115 13s. per running yard. 
Tho cuttings forming the approaches to the tunnel oost lOid. 
per yard cube at one ond, and lid. per yard onbo at tho other 
ond. Tho headings for the tunnel cost 36 b. per yard mn at one 
end, and 42s. 6d. at tho other emd. The tunnel pits or shafts 
wore nineteen in nnmbor, some being 60 feet deep, and oost, in¬ 
cluding steining, 30s. per yard nm in depth. The entire oosh 
of the Grand Junction Canal was two millions sterling, it is 
90 miles long from Braunston to Brentford, whore it enters 
the Thames, width at bottom being 28 feet, at the surfooe 
of the water 42 feet, and the depth 4 feet 6 inohes. The 
chambers of the looks ore 80 feet long, end 14 feet G inohes 
broad. There are eight enpply-reservoirs for feeding the locks, 
each reservoir oontouiing about 9,000 oubio feet of water, end 
capable in the aggregate of re-fllling a siAgie look 17,000 times. 
It is worthy of notice that the reservoirs not being oil upon the 
same level, and there being an independent auppV to eooh, 
the water is pumped By steam-power from the lower to tuo 
higher ones. 
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Ths ShropeUro Canal, from Coalport to Donnington Wood, tioable to improTs the navigatios of tho San Joan so as to 
ia the first oaaal on which the system of inclined planes was make it available for a can^, bnt the apparently insnperable 
introdnoed. The originator was William Boynolds, of the obstaolee presented by the ridge upon the west coast makes this 
Ketley iron works. The country over which this canal passes advantage of no avail. Another survey of this ronte was made 
possesses a great scarcity of water, not sufficient to work locks, in 1850-1, in which it was proposed to cut a canal 28^ milos 
Hence the inclined planes were introduced. On the banks of long, with 6 looks, on the Atlantio side of the lake, and to 
the Severn is one of these planes 350 yards long, having a per- canalise the San Juan by moans of 7 dams and 8 locks. The 
pendionlor height of 207 feet. A strong double line of rails is communication between the lake and Brito, on the Pacific, was 
laid ni>on this plans to receive the boats with their carriages, to be offected by a canal 18J miles long, with 14 looks. Tho 
The boats take a load of 5 tons, and when they arrive at the summit of the ridge to be cut through on the Pacifio side was 
summit of the inoline, pass by a level canal, lj| miles long, to found to be 46 feet above the lake, and the width of tho ridge 
the bottom of a second incline, 600 yards long and 126 feet to be 8 miles. An artificial harbour would have been required 
high, where they enter a second level canal, which forms the at Brito. Tho whole length of the navigation would have been 
smnmit of tho system ; after which tho boats descend by other 194 miles, of which 56^ miles would have boon by Lake Nica- 
inclines <to the other extremity. ragua, and the estimate for a canal 20 foot deep would have 

Tho Thames and Medway Canal has a tunnel—now filled np been JfilO,000,000 sterling. Had this canal been constmeted,it 
and used as d railway—of milos in length. This tunnel is was estimated that a vessol could have passed from the Atlantio 
driven through chalk of a very variablo character, being in some to the Pacifio in 77 hours. Tlio objections to this route are so 
places so soft as to crumble away before the miner, and in great and so numerous that tho idea has been finally abandoned, 
others so dense as to need blasting. Tho soil had in many Amongst tho objections aro the fearful insalubrity of the 
spots to be supported by timber struts before tho brickwork olimato, owing to tho swampy character of tho banks of tho 
was built in: this varies from 14 to 18 inches. As tho vaulting San Juan. Upon this point it may be stated that Lord Nelson 
advanced, the space above the brick-work was filled in with mentions that in 1779, when captain of tlie Einchivtn-ook, he 
chalk and lime mortar. Tho cutting of this canal, and tho was'engaged in an expedition to take the fort of San Juan, and 
shafts connected with it, caused the water in the surrounding the cities of Granada and Ix)on, and in one night, out of a corn- 
wells to sink so low that they had to bo deepened to obtain a plomont of 200 men, 87 took to their beds, and not more than 
fresh supply; and when tb.- salt water wiss admitted from tho | 10 of that crow survived, Kelson himself being carried ashore at 
tide-ways, it pervaded tho chalk and injured tho quality of tho j Jamaica in almost a helpless state. Tlie frequency of earth- 
water in these wells, the company being put to great oxponso ; quakes, anj tho breaking out of fresh volcanoes, would also 
in oonsoqnenno of tho damage. The width of water-way in tho ' render any workf* undertaken very inseenro in this district, 
tnnnel is 21 feet 6 inches at top, and 20 feet at bottom. Tho Besides those serious objections, tho mouth of tho San Juan 
depth of water is 8 foot, tho towing-path being 3 feet above the could never bo made n suitable entrance for a ship-canal, as tho 
water. Tho greatest width of tlio iunnol is *10 feet. sand-spit at its seaward face Is always shifting; and, indeed, 

Tho norccastlo tnnnel, upon tiio Totney Haven Navigation, recent information is to the effect that tho harbour ia almost 
was constructod by Brindley. It is 2,888 yards long, and being coinplotoly filled up, and tho river has forced a channel for 
9 feet wide, and only 12 feet high, it was necessary to propel itself elsewhere. 

tho boats by employing a class of men called “leggers,” who, Turning from a mere problem, wo shall conclude the subject 
lying upon their books upon the freight, pushed against the with a short reference to that most important, and now corn- 
sides and top with their feet. It occupied two hours to push a i plotcd undertaking, the Suez Canal. This vast engineering 
boat through in this manner. A second tunnel was constructed work is made large and deep onougli for a ship-canal, and 
in 1824, by Telford, at a distance of 26 yards from Brindley’s, | enabling vessels to avoid tho passage round tho Capo of Good 
end is a few yards longer than his. Tho width is 14 feet, and j Hope, saves 3,000 milos on tho voyage to India. It ia 72 mUea 
height 16 feet; 4 foot 9 inohes of tlio width is occupied by tho long, extending from Port Said, on the Mediterranean, to Suez, 
towing-path, but as it is supported over tho water in tho same at the northern ejctrcmity of tho Bed Sea. Two distinot 
manner as that in tho aqueduct at Pont Cyayllte, the water-way ] engineering works aro comprised in tho works undertaken by 
is not interfered with. Tlio mortar with which the bricks are j M. licsseps—namely, tho construction and maintenance of a 
set is impervious to water. Nearly 9,000,000 bricks wore used j broad and deep water channel on one level between tho above 
in tho construction of tho tunnel, shafts, and culverts, and the named points, and also the muiiitonance of a supply of fresh 


total cost of tho work, which scarooly occupied throe years in 
completion, was .£112,681. 

Looking abroad, wo find various sohomos have been proposed, 
and in some instances carried out, for cutting canals through 
short nooks of land, whereby thousands of miles of ocoan navi¬ 
gation might be avoided. Amongst those only proposed is tho 
Darien ship canal, intended to obviate tho transhipment of 
freights passing between the Atlantio and Pauifio Oceans, with¬ 
out tho alternative of passing round Capo Horn. Tho first idea 
of such a Bohome dates from 1771. Many surveys of tho 
isthmus hav 9 been made from time to time, and particular 
attention paid to the northern portion, in consequence of tho 
Lake of Nicaragua offering an apparently favourable feature in 
-a line of navigation at this part. This extensive lake has an 
average depth of fifteen fathoms, and is separated from the i 
Faoifio sea-board by only 15 milos of land. This land, however, 
consista of a monntain ridge 615 feet above the Pacifio, and 487 I 
feet above tho lake; and to out through the ridge for a canal | 
.30 feet deep and 50 feet wide—^tho dimensions necessary for a | 
ehip-oonal—would necessitate tho excavation and removal of i 
nearly 5,000,000,000 oubio feet. Moreover, tho ridge is vol- j 
oouio, and it would be impossible to obtain a supply of water 
'to fe^ a oanal if, as an alternative to such a cutting as that 
•Duded to, a portion of the ridge were overcome by looks, and 
the oanal out only throngh the upper portion. The lake is oon- 
neo^ with the Atlantio by the river San Joan, whose length 
from tile lake to its mouth is 119 miles. There aro no cataracts 
or foils in the river, but a few rapids; it is at all times navi- 
^Bible for boats drawing from 3 to 4Veet of water, whilst the 
fall aivaragos 1 foot per mile. It might therefore appear prao- 


wator for tho wants of the iioiiulution congregated along tho 
lino of tho canal, and especially at the two extremities. This 
latter undertaking was necessary in consequence of tho avoid¬ 
ance of tho Nile in any of its branches, and from tho saline and 
arid character of tho country through which tho canal passes. 

Tho ooustmetion of enormous jetties bccomo necessary at 
Port Said, in order to protect tho harbour, or canal entrance, 

I from tho action of tho prevailing wind—tho north-west. These 
I jetties aro formed of immonso blocks of artificial stone, each 
weighing 20 tons, and were coiistrautod on the spot. Prom 
this point the canal runs in a perfectly straight line for 40 
miles to Lake Timsoh, through which it passes, and whiob, 
previous to Leasop’s operations, had been dried up for a length¬ 
ened period. Tho channel has throughout a minimum depth of 
8 metros, and is in many parts 26 feet deep; being 190 feet 
wide at top, and 100 foot wide at bottom. The amount of soil 
excavated exceeds 147,000,000 cubic yards, and was performed 
by tho continued action of powerful steam-dredging machines. 
The cost of excavation has oxcoeded ^84,000,000. The entire 
undertaking displays an amount of indomitable perseverance 
and engineering talent rarely united in a single individual. 


TECHNICAL DRAWINO.—XXXIII. 

DBAWING FOB MACHINISTS. 

THE BTEAM-EHaiNE (confirmed) —aENEBAL VIEW or ENGINE. 

Figs. 383 and 330. —The side and end elevation show all the 
before-named detuls, and also tho bed and fiy-wheel in their 
proper places m fitted together and ready to work. It will be 



104 


THE TECHNICAL EDUOATOE. 


oaiy to follow each detail into its place. There are only two 
eierationa of the engine-bed; its thioknees would be J inch at 
the lideB and j inch at the top, which is planed all over and 
made emooth. This engine is not an example of the cheapest 
form of oonetmction, bnt is very strong and durable, and suited 
for high pressures. It is also a good specimen of suitable 
beauty end fitness of form for such work. 

This set of drawings illustrates the proper system for sending 
plaaiB from the drawing-office into the workshop: the details are 
giren in such a manner tiiat a good workman would find no 
difficulty in understanding them, and making the engine without 


Fig. 340 is the plan, and Fig. 341 the side view, partly in 
section to show details of oonstmction. At the extreme leffc 
side of the sheet is a fnlcmm or fixed centre for the safety-valTa 
lever, and at the opposite side a heavy weight. Close to tha 
fnlcmm is a pointed link, which presses upon a brass valve. 
As the distance between the fuloram and valve-oentro is 3^ 
inches, and between the fnlcmm and weight (when at the end ctf 
lever) is 28 inches, every pound will press with eight times thoi 
force—viz., 8 pounds—on the valve by the well-known p]dnaiple< 
of a lever, l^owing the area against which steam presdes, it is 
not difficult to calculate the resistonoe offered by the weight and 



further Instructions. It is very desirable to put dimensions for 
all the principal parts where Sawings are not made tnll size; 
but for snoh on engine as this one, many of the details might be 
made full size, and the rest to a largo scale or half size. Figures 
upon a drawing save workmen much time and oonduce to ao- 
onraoy; very few are given in these details, for the sake of 
avoiding confusion in the lines. 

In m^ng drawings the lines for dimensions should bo drawn 
with red or blue ink, 

VOUB-INOH BAFSTV-VAiiVi: (scale, three inc/ies to one foot), 

'When steam is xsisod in a closed boiler its pressure grradually 
aocnmnlates, and would at last buret the boiler unless means 
were provided for its escape. Safety-valves are arranged for 
this pnrpMe, and tbeix general principle is that of placing a 
known weight npon a valve, so tlmt the steam shall lift it and 
iHcape whenever its pressure bebtunes greater than is desired. 


lover, BO that any desired prossuro of steam may be enabled fer 
lift the valve and escape. These valves and seats ore made of 
gun-metal, an alloy of copper and tin, and idie bearing surfaoes 
I are ground together so as to be steam-tight. A small groovo 
is turned in the conical seat, and a piece of string inserted 
before it is driven into position, so as to prevent any leakage. 
The cup form of the cast-iron pipe is adopted so as to cause 
any escape of steam to rise upwards, instead of spreading out 
like a flat disc. 

Figs. 342 and 343 represent the wrought-iron tongue whibh ir 
oast into the v^ve-woight, and forms a moans of suspending ijt 
from the lever. The roughened comers are intended to give a 
greater hold to the coat iron when it is poured over the tongue 
in a melted state. 

A spring may be used instead of the weight, and in manjc 
positione, such as on lelomotive engines, it hu been loivid 
more convenient. 
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NOTABLE INVENTIONS AND INVBNTOES. 

xn.—THS COTTON MANUFACTUBE (concluded). 

BT JOHN TIMBS. 

Wx must now return to HargreaTes’ frame, in which a 
number of profionsly prepared roringa were drawn out to a 
greater fineness and twisted into yam. Now Arkwright’s in¬ 
vention prepared the rovings and spun the yam ( Hargreaves’ 
could do the latter only. The former woe best adapted for 
producing firm warp yam; the latter for spinning the finer 
kinds used as weft. The union of the prineiples of both was 
necessary to perfect the art of spinning. The rollers of Ark¬ 
wright and the motion from the spindles of Hargreaves are 
nnited in the mule of Crompton, which ho invented in 1797, 
and, after many unsuccessful attempts, made self-acting; so 
that one spinner cam make 800, 1,000, or even 2,000 threads at 
once. ** The rovings,” says Mr. Symo, “ part the rough rollers, 
which turn for some time, and then stop. 'The spindles ore 
placed on a’ carriage, which moves from the rollers after they 
have ceased to tom and draw out tho thread; the spindles 
revolve, the requisite twist is oommunioatod to the fibres, and 
tho thread thus spun is then wound on the bobbins as the 
carriage advances towards the rollers.” As soon as the whole 
of these prooessos are performed, the mule disengages itself 
from those portions of tho machine which have been used to 
propel it, and the attendant returns it again to the oarriage, to 
perform its work afresh. To give an idea of tho value of this 
invention : while the watw-frame is capable of spinning a 
pound of cotton to tho length of nineteen milea, or forty hanks, 
the mule has not met with any limit short of 950 miles to the 
pound of cotton, or 2,000 hanks. 

Samnel Crompton was bom in 1753, at Firwood, near Bolton, 
his parents ooonpying a farm, and, as was tho custom of that 
time, employing ^ir leisure hours in carding, spinning, and 
weaving. Th<qr removed, when Samuel was five years old, to a 
portion of tho neighbouring old mansion called “ The Hall in 
the Wood.” The boy was well educated in Bolton, but “ his 
little logs booame aoonstomed to tho loom almost as soon as 
they were long enough to touoh tho treadles.” When only 
sixteen years of age he spnn on one of Hargreaves’ jennies, 
with eight spindles, the yam of which he afterwards wove into 
quilting, and thus ho was occupied for tho five following years. 

At his solitary loom, in tho Old HaU, he became prematurely a 
thinker, and onltivatod a taste for mosio, which led to tho first 
trial of his moohanioal skill in making a violin. Ho was master 
of Hargreaves’ invention, tho jenny, and ho was personally 
known to Arkwright, whose reputation as an inventor now rang 
through Lanoasbire. In the dining-hall of the old mansion, 
Crompton, in 1774, oommenoed the oonatraction of his spinning 
machine, wMoh for many years was known as “ tho Hall in tho 
Wood YTheel.” It took him five entire years to mature his 
improvement, working entirely alone, and ho toUs ns that ho 
anooooded at tho expense of every shilling he had in tho world; 
all this labour being in addition to bis eveiy-day work. He 
toiled late and early.* he devoted every shilling he could spare 
to tho purohase of the requisite tools; and, aided by his olasp- 
knifo, ho at length triumphed. His machine was first called 
“the Mndin V^eel,*’ becanse it was available for yam for 
making muslins, and it got the name of tho “ Mule,” from its 
partaking of the two lea^g features of Arkwright’s maohino 
and Hargreaves’ spuming jenny; but it is oertain that when 
Crompton coustmotod his maohiiie he knew nothing of Ark¬ 
wright's dieoovery. 

As soon as Crompton had oompleted his first mnle, in 
the year 1779, to save it from destruotiou by tho Blackburn 
Bpinuers and weavers, ho took it to pieoes, and concealed it in 
A loft at the Old HalL Here it remained for many weeks, but 
ia the same year tho wheel was ro-oonstmoted, and out of its 
first oamingB Crompton bought himself a silver watch. In 
1780 he married. Assisted by his wife, he 'industriously spun 
at the Hall, his yam prodnoing higher oouuts and an improved 
qnalily, for which he readily obtained his own prioes, but ho 
could not satisfy one-hundredth part of the demand. The Old 
Hall was now besieged not only by purohasera, but others to 
get at the mystery of the wonderinl new wheel. Amission 
was denied, when many, who climbed up to the windows, ^ere 
Uooked out by a aoreen; but one inquisitive seeker oonoeued 
himself for some days in a loft, and watched Crompton at work 


by means of a gimlet-hole pierced through the eeiling; and 
thither Arkwright travelled sixty miles to endeavour to tUsooyer 
the secret of the new wheel, which all but eclipsed his water- 
frame. But Crompton found it impossible to retcun the secret of 
his maohine; he had no patent, or the means of purchasing one; 
and, rather than destroy the whole, he gave it to the public, 
when some “ mnnidaoturing friends ” promised to raise for 
him .£60 ; yet the list of half-guinea sabscribors of this paltry 
amount contains,; says Mr. Gilbert French, “the names of many 
Bolton firms of great wealth and omineuoo as mule-spinners, 
whose ooloBsal fortunes may have said to havo been based npon 
this singularly small investment.” In the five following years 
the mule was generally employed for fine spinning throughout 
tho manufacturing districts. 

Before 1785, Crompton removed to a farm-house near Bolton; 
and there, besides farming, ho worked secretly at his machine 
in tho upper storey of his house. Curious visitors still came, 
and among them was Mr. (afterwords tlie first Sir Bobort) 
Peel, who attempted to get at the mule in Crompton’s abaonoe, 
but was defeated. Ho subsequently ofibrod tho inventor a 
luomtiva sitnation, and oven a partnership in his ostablishment, 
both which Crompton declined to aocopt. Crompton next, with 
jBSOO subscribed for him at Monchesttir, Touted a factory storey 
at Bolton, and ihero hod two mules, with tho power to turn tho 
machmery. Ho then submitted his maohine to the Boyal 
Society and tho Society of Arts, but by noithor was it enter¬ 
tained. The public had got it, and that was enough. Crompton 
then visited tho manufacturing districts, whore he found tho 
number of bis mule spiudlos in use to be 4,600,000, spinning 
40,000,000 pounds of cotton wool in a year; that 70,000 
persona wore engaged in spinning, and 150,000 more in weaving 
the yam so spnn; and that a population of full half a miUion 
derived their daily broad from tho macliinory his skill had 
devised. Our inventor then petitioned Parliament for remunera¬ 
tion, and Mr. Perooval, tho Chancellor of tlio Exchequer,* was 
ready to propose a handsome grant of money, when it was 
frnstratod in a shocking manner. On May 11, 1812, Crompton 
was standing in the lobby of tho Honse of Commons, conversing 
with Sir Robert Pool and Mr. Blackbomo, when they were 
joined by the Chancellor of tho Exchequer, who remarked, 
“ You will be glad to know that I mean to propose j£20,000 for 
Crompton; do you think it will bo satisfactory ?” Crompton 
retired, and did not bear tho reply. Ho was scarcely out of 
sight, when the madman Bellingham came np, and shot Mr. 
Perceval dead. By this frightful catastrophe Crompton lost 
^15,000. Six weeks intervened before his case could be brought 
before Parliament, and then Lord Stanley moved that he bo 
awarded ^5,000, which the House voted without opposition. 
No reason was given for tho reduction of Mr. Perceval’s pro¬ 
position : tho smaller grant was inadequate, whether measured 
by tho intrinsio value of Crompton’s sorvioos, or by tho rate of 
Porllamontary rewards to other inventors. 'When he returned 
to Bolton wi‘& .£5,000, instead of a g;reat fortuno, ho hoard tho 
bitterest reproaches from his family. With tho above sum 
Crompton entered into manufooturing speculations with bis 
sons, but unsuccessfully; and as he advanced in years, some of 
his friends suhsoribed, and purchased him an sjmuify of ^63. 
A second application in his behalf was mode to Parliament, but 
failed. This must havo been very mortifying to Crompton, who 
was one of tho most sensitivo os wqU as hononrablo of men, and 
who is known to havo declared to one of his most stedfast 
supporters in Parliament, “ I only request tlwt tho case may 
have a fair and oandid hearing, and be dealt with ^cording to 
its merits.” 

Worn out with ceres and disappointments, Crompton died at 
Bolton on the 26th of June, 1827, at the age of seventy-fonr, 
and was followed to the grave by h host of Bolton worthies. A 
statue of Crompton, in bronze, by Colder Marshall, was ereoted 
in the market-plaoe at Bolton, in 1862; though to be treated with 
respect after death is bnt a poor recompense far being neglected 
while wo are living. “ Justioe exaots,” says Samuel Johnson, 
"that those by whom we are most bmefitod should be most 
honoured.” 

* Mr. Feroeval ia spoken of here ee “Cbanoellor of the Exolteqner,” 
and rightly enough. It must, however, he reraetnbeted that he was 
Premier es well, end the head of the Adminiatcation from October 30, 
1809, to May 11, 1818. Bfih offioee were elao held ooeJolstly 
Titt, Canning, and PmI Mk 
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Mr. SVenoli, in lua “ Life and Time* of Samuel Crompton,” 
graceful oomeetneBB, liao -vindicated hia claim and Glia' 
raoter, and thus reaoned him from neglect. It may aafely bo 
asaorted t^t Crompton’s mule is tho fulcrum which austains 
that mighty lever, the cotton trade, the moat valuable and 
most powerful of our national roaonroos. As the jenny is now 
aimoat disused, and all the finer yams ore spun exclusively 
upon tho mule, its importance and vaiue oontinne to inurease. 
Tho principle of Crompton’s invention has remained unchanged; 
while modifications, improvementa, and auxiliaries have in¬ 
creased its productive power a hundredfold. Meanwhile, tho 
results of Crompton’s genius have been practically oommomo- 
rated npon the site of his invention. Near tho IIsll in tho 
Wood rises an octagonal chimney-shaft 36C feet in height, 
in connection with the steam-enfrinos and fnmacos in a huge 
factory, where some thousands of men and boys are employed 
in making nAde-spinning machinery, and in the production of 
thousands of mnle-spindlcs. The old Hall has become the 
vcrihablo centre of tho existing cotton manufacturing district. 

“ Could wo,” says Mr. French, “ tio a cord, twenty miles in 
length, -to -the top of tho tall chimney that marks tho spot, and 
swoop it round tho country, tho circle then formed would 
embrace the populous towns and teeming -villages engaged in 
spinning and weaving cotton. They radiate from that ooiitro 
with coropass-liko regularity ; Manchester, Preston, Oldham, 
and Binckbum being the cardinal points.” 

Tho triumphs of tho eexubination hero described were not 
confined to spinning. It hod been repeatedly but unsuccess¬ 
fully attempted to weave cloth by maebinory before. It was 
effocttHl by a singular accident. Edmund Cartwright, a brother 
of Major Cartwright, tho politician, had been educated for the 
Church in the University of Oxford, had written and pubUshod 
several poems, and had reached his fortieth year before ho had 
given any attention to mathematics. Mr. Cartwright, in 1784, 
being at Matlonk, in the company of some gontlemcu of Msin- 
chestor, maintained the practicability of inventing a machino 
-to weave tho vast additional quantity of cotton spun by Ark- 
-wright’s maebinory. It occurred to Cartwright that, as in 
plain weaving, according to the copcoption ho then had of tho 
business, there could bo only throe movements to follow each 
other in succession, and little difficulty in producing and ro- 
pcating tlicm. II o then had constructed upon this principle a 
machino, and getting a woavor to put in the warp, to his groat 
delight, a piece of cloth was tho result. Tho warp was laid 
perpondinnlnrly : tbo rood fell with tho force of at least half a 
iiandi-odwoight, and tho springs which throw the shuttle wore 
strong enough to have thrown a Congreve rookot. Hia machine 
was rude and awkward, for his own loom was tho first he hod 
over aeon. It was opposed both by prejudiced manufacturers 
and their workmen, and a mill containing 500 of his looms was 
wilfully burnt down. lie, nevertheless, persevered, but after 
taking out several patents, and spending upwards of ^40,000, 
he relinquished all hope of accomplishing hia object. In 1800, 
hpwever. Parliament voted him 10,000 for “ the good service 
he had rendered the public in his invention of weaving.” He 
died in 1823, in tho eighty-first year of hia ago. 

Power-looms romainod unprofitable until it was discovered, in 
1803, that tho warp might be dressed before being put into tho 
loom, by a machine consisting of eight roUers, four at each end 
of a frame. Those rollers are bronght from -the warping frame, 
and tho yam passes between two rollers, the lower ono of which 
dips into a roservoir of thin paste, and thus transfers a coating 
of staroh to tho cotton, Tho yams afterwards pass over and 
under brashes for rubbing into the fibres, then over a heated 
«opi)er box to dry them, and they ore ultimately coiled round 
the warp beam of the loom. Hie oonstruotion the machine 
and method of dressing have sinoo boon improved, ar.d oloth is 
now woven, by the help of steam, with wonderful rapidity and 
extent. A atoam-en^e of 40 or €0 horso-power gives motion 
to thousands of rollers, spindles, and bobbins for spinning 
yarn, and works four or five hundred looms besides. This 
gigontio spinner and weaver needs very little aesietanoe from 
man. It undertakes and faithfully diaohorges all the heavy 
work of putting shofta, -wheals, and pulleys in motion; of 
throwing the shuttle, working tiie treses, driving home the 
weft, and taming round tibe warp and ototh-beams. One man 
^aay now do as mnoh work ae tn% or three hundred men 
ywes ago. Fower-looma are among the moat extraordi¬ 


nary maohines in a factory, Tho operations of one of thoee 
looms being minuted with a watch, have been seen to weave 
eeventy-two square inohos of oloth in a minute, without any 
human being attending to it. 

The substitution of maohinory in place of hand-labour in 
spinning and weaving has been piroduotive of tho most bene- 
fioial oonsoquonoes, since tho inventions of Arkwright and 
Watt were made. At first, tbo various operations of beating, 
carding, roving, and spinning were honsehold operations; but 
progressively, -with a view to ooonomy of time and <iaic]m 088 , 
they led -to -^o building of factories; and the oonoeutration of 
them under one roof, with a propelling power of water or 
steam, gave a united and combined action to all the prooessee, 
which caused thorn to be carried on -with the precision of clock' 
work. Nor haa improvomont been obtained in ono branch of 
industry, but in all. Heally good small stcam-enginos and mill- 
gearing could not bo manufactured when mechanical power was 
first introduced. Now, in ploco of hoavy shafts of wood, and 
cast-iron huge wheels and pulleys, wo havo light -wrought-iron 
rods, smallor whoels, quintupled velocities, and diminished 
friction. 

In a cotton-mill tho most striking actions of machinery aro 
those which involve not only s-wift, irrosistiblo motion, but also 
transformation of the materials on which the moving force is 
exerted. “ In tho basement storey revolves an immense atoam- 
ongino, unresting and unhosting os a star, in its stately, 
orderly movements. It stretches its strong iron arms in every 
direction throughout tho building; and into whatever ohamber 
you enter, as you climb stair after stiur, you find its million 
bands in motion, and its fingers, which are as skilful as -they 
aro nimble, busy at work. They pick ootton, and cleanse it, 
card it, rove it, spin it, dye it, and weave it. They -will work 
any pattern yon select, and in as many colours as you choose, 
and do all with celerity, dexterity, and unexhausted energy and 
skill; and with the speed of racehorses transform a raw material, 
originally as cheap as thiutlo-dowu, into endless useful and 
beautifnl fabrics.” (Professor George Wilson.) 

Mr. Tufluoll states that, in tho fine spinning-miUs, he haa aeon 
a pound of cotton stretched to tho incredible length of 294,000 
yards, or 1G7 miles, and then sold for twonty-fivo guineas, tho 
original cost of it having been .3 b. 8d. 

But what a concentration of mental work is requisite to 
produce those wonderful machines! In a factory, into -which 
the cotton is taken in a raw state, and is bronght out as cloth, 
there is not ono of the numerona machines through which it 
has to pass, including -the steam-engine, which moves them all, 
that does not scorn to demand the utmost strotch of human 
ingenuity to bring it to its present state—not ono that does not 
oondonso in its formation tho result of at least a hundred 
patents, or that has not required in its invention the united 
efforts of at least a hundred minds. 

Wo conclude with a fow intores-ting statistios. Cotton-grow¬ 
ing in tho United States began with tho century, and rose from 
400,000 bales in 1820 to 6,000,000 bales in 1859 and 1861, the 
two most productivo years, 'rho price In tbo same period fell 
from 50 oonts to 10 oonts a pound. Since the close of tho civil 
■war ootton culture haa rapidly revived, and it is estimated that 
tho crop of tho jiaat season will roach 4,000,000 bales, a quan¬ 
tity only surpassed in 1859 and 1861. Tho war between Franoo 
and Germany has, however, operated disastrously on prices, and 
cotton that was selling at 25 oonts a pound a year ago, is to-day 
quoted at less than 1.5 oonts. 

In 1840, Mr. Buxton stated there were employed in our 
ootton manufacture about jB2,000,000 of fixed and J620,000,000 
of floating capital invested. Tho total yearly produce of tho 
manufacture amoihited to ^840,000,000. 1,600,000 persons then 
earned their broad by i-t 

Tho Board of Trade acoonnts state that the import of raw 
ootton into tho United Kingdom in the first quarter of the year 
1871 reached tho largo amount of 5,318,511 cwt., stated to 
of tho value of J18,738,015. The quantity is more than double 
that of the corresponding period of either of the two preceding 
years, but tho price shows a very groat decline. Above half a 
million cwt. came to ns from India, and abovo^ half a milbon 
from Egfypt; tho quantity sent in from the United States -was 
nohless than 3,949,190 owt. 'The exports from this oountry of 
imported cotton in tho throe months already named havo ox- 
oo^ed a million cwt. 
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APPLIED MECHANICS.—XIII. 

BT BOBSBT BTAWBlil, BILL,' U.A., 
ttoteMoi of Applied Hatbemetioi end Ueeheuita, Bojal College of 
Science for Ireland. 

THE HBILLIHO MACHINE. 

Tbb drilUog maobine ii of the ntmoet nee in the workshop. 
Hides ue oonstuitly required to be produced, either for the 
pnrpoee of receiving bolts, or for nnnerons other purposes. 
Huy different forms of drill are in common use. We have 
■elected for description in the present lesson one of the most 
ingenionB which has been invented. This drill is shown in the 
illnstration below (ffg. 1). 

For drilling, the tool must receive two distinct motions—one 
that of rotation, the other that of advance parallel to its axis; 
the work bcnng held steadily. In this the drill may be con¬ 
trasted with turning lathe and the planing machine. In 
both of these the work is moved, while the tool is also moved. 
Having to give the two motions to the tool of the diilling- 
madhine, instead of being able to give one of them to the work, 
makes the drilling machine a little more complicated than either 
of the machines already described, as we have to provide for 
the two motions simultaneously. 

S represents the point of the drill; the work, which is not 
shown, is supported upon a table underneath the drill, which 
osn be moved in two directions, so as to bring the work beneath 
the drOl in the proper position. The drill is ^tened to a screw, 
T; this screw works in the nut x. The toothed wheel x is 

fastened upon the nut 
E, while the wheel t is 
fastened upon the screw. 
A, B, and c are three 
pulleys. A is an idle 
pulley ; b is keyed upon 
the shaft that carries N; 
and B and c are attached 
together. It will be noticed 
that B and w are not of 
the same size, nor are x 
and T. We shall let m, 
n, «, ]/ represent the num¬ 
bers of teeth in the four 
wheels, u, n, x, t. When 
the bond is upon A the 
machine is at rest; when 
the band is upon B, n and 
T are turned round, and 
the drill is brought down 
to its work ^ being 
sorawed out of its nut. When the band is upon c, the nut e 
is ma^ to revidve, and the screw is drawn up into its nut, and 
raised horn the work. But when the band is upon both B and 
0 the drill revolves and the nut revolves; but the drill screws 
out of the nut faster than the revolution of the nut brings it 
book, and tiins a dow motion of advance is combined with the 
rotation of the drill. 

Let k represent the number of threads in the inch upon the 
■crew T, 

For one revolution of the pulley B, the screw will have made 



Mvolutions, 

V 

and will therefore have been depressed by 
“ X 4 inches •, 

but on aoeount of the revolution of the pulley c, the nut £ has 

made 

nvolutioBS. 

c 

and has therefore raised the screw 1^ 

m 1, . 

— X -r inches. 

X k 

Hence the real advance of the screw being the differenee 
between the amount by which it is raised and lowered is , 
/n t»\ 1 
X ' k' 


This is the amount by which the drill is lowered when it has 

“ revelations. 

V 

Therefore, the amount by which the drill descends for one 
revolution is 

'■ D X' k a ' «n' k 

This quantity can have any value by proper aelootion of the 
wheels, the only ooudition to be attended to in the ohoioo of 
wheels is that 

« + m = n + V. 


because if this equation were not satisded, the two pair of 
wheels could not be adjusted to gear simultaneously. 

To illustrate these formulas by an example, we (hall suppose 
that the screw has three threads to the inch; that is, k-S; 
and that m = 40, x= 120, » = 50, y = 110. These numbers 
satisfy the relation— 

X + m = n + j. 


The expression 


becomes 

xh' k 

(l _*0 . IlOU _ 

' ~ iw.siy a ~ 


1 

ii-a ‘ 


Therefore, for each revolution of the drill its point will advance 
about the eleventh part of an inch. In fact, the drill is mnoh 
the same as if it were simply attached to a screw containing 
eleven threads to the inch, and rotating on its nut. 

This arrangement can be made to produce a very slow advanoe 
of the drill. Thus, suppose m = 40, r = 120, n = 41, y = 119, 
the advance is 

' “ 41 ■ 120 / j ~ 92 ■ 

Thus the drill must perform 92 revolutions before it will have 
advanced one inch. 

MACHINEBY USED IN THE MANUFA<3TUBE OF SOOAB. 

• 

The preparation of sugar before the product is brought into 
the form in which we are familiar with it, involves two dis- 
tinot branohes of mannfacture. One of these, the preparation 
of raw sugar, is conducted at the place where the sugar is 
grown; the other, called sugar refining, is usually performed 
at home. 

It is not within our provinoe to give in the present paper 
a desoription of the twhnioal details of the manufacture, 
except so far as may be neoessary to en^Ie the aotion of 
the suKhinee used to be understood; many of the prooesses 
come more properly within the province of the chemist than 
of the meohanio. 

There are two important stages in the mannfaotnre in whioh 
machinery is used. The first is in the expression of the raw 
jnioe from the oane, and the second is the separation of thn 
mystals of refined sugar from the liquor in whioh they are oon- 
toined. There are, of oonrse, multitudes of minor meohaniosl 
oontrivanoea for hoisting, pumping, etc., used in vaiionB iwrts 
of the manufacture; but as these are sot peonliar to this 
branoh of the meahanioal arts, we shall not further allude to 
them in this lesson. 

We shall describe the machinery used in these two different 
prooesses. 

The jnioe from whioh the sugar is extracted is expressed by 
pressure from the sugar-oane. The oane is a long stalk about 
two inohes in diameter; the outside is hard, the inside is soft, 
and oontsins the jnioe whioh it is the objeot of the oase-miU 
to extract. 

Fig. 2 represents in a diagtammatio manner the principle of 
the oane-mill whioh is most nsnally employed. A, B, c sre three 
rollers with flanges at their extremities to prevent the osnes 
from escaping; they are made of cast iron. In some of the 
larger works &eae rollers are very massive, reaching the length 
of six feet, and a diameter of thirty inches; the roller C is somot 
times fluM longitudinally, so as to draw in tiie oane with oer* 
tainty; but this is, however, not necessary, and as tiie oane k 
much crushed and injured by the fluting, the ndlar is freqnentiy ^ 
smooth. The three rolldn are made to revolve together, fay'' 
means of toothed wheels, not shown in the figure, and the wwle 
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ie worked eiilier by » Rteam-ongine, or by the power of Wind ' 
or water. 

D is a flat table, apon wbioh the canes are strewed to bo 
delirmed to the first pair of roUera, A, o. These rollers are abont 
a quarter of an inch distant from eadh other. The spaoe can bo 
regnlated by means of screws. The cane is thoroughly crushed 



between the first pair of rollers, A and c, and rendered into a fit 
condition to reooire the extreme pressure which the compressed 
moss receives between the roUera b and 

At F is a plate upon which tlie crashed canes, after passing 
the first pair of rollers, are deflected so as to pass between the 
rollers b and c. Those rollers are so close together that a 
sheet of ordinary writing-paper would only just pass between 
them. The cancs submitted to this great pressure yield up 
the sweet juice contained in their cells; this juice trickles from 
the rollers into a trough placed to reoeive it, whence it is coo- 
veyod to vessels in which the process of preparing the raw 
sugar is commenced. 

The rollers being so close together are more or less liable to 
jam, when an unusual quantity of. cane is delivered to them. 
Such a sudden cessation of motion in so heavy a piece of 
machinery wonld be productive of injury, if not to the rollers 
themselves, at all events to the gearing by which their motion 
is sustained. Different methods are oilopt^ to evade this diffi¬ 
culty. In some oases the rollers are tnened by the aid of what 
are called friction wheels. The nature of friction wheels will | 
understood from the annexed cut (Fig. 3). 

Instead of the wheels being toothed on the circumforenee, 
there are a series of ridges which fit into corresponding grooves. 
When the wheels are pressed together, the friction oanses the 
xevolntion of one of the wheels to make the other wheel revolve. 

If, however, the wheel which is being 
driven be stopped, or experience some 
very large resistance, no accident ooonrs, 
as the driving wheel merely slips npon the 
other without taming it round. All that 
is neoessary is that Die friction between 
the two wheels shall be a little greater 
than the force necessary for driving the 
oane-mill in its ordinary condition. 

Another method of avoiding accident 
to the machinery by the jamming of the 
rollers depends npon a different prin* 
Fig. 8. oiple. The rollers are usually adjusted 

at the proper distonoe by screws, but it 
is evident that, provided one of the rollers conld be pressed 
towards the other with sufficient force, the screws may be dis- 
jtensed with. This is the principle of the second method referred 
to. The roller B (Fig. 2) is urged towards the roller c by severe 
pressure prodnoed by levers and weights; when an undue strain 
comes upon the rollm, the roller B is pushed away from o, and 
the obstruction is enabled to pass. 

It is found by experience that a greater per-centage of juice is 
extraoted from the cane when the rollers move slowly, at about 
the rate of two or three revolutions per minute, than when they 
have a higher velooity- The canes, after the jnioe has been 
expressed, are used as fnd for suppling the fires when heat is 
reqyiired in the subsequent treatment of the juice. 


A considerable per-centage of the juice remains in the canes 
after having been submitted to the cane-miU. This juice, and 
of course '^e sugar contained in it, is lost. A oaue-mill has 
been proposed by Mr. Bessemer, with the object of more com¬ 
pletely extracting the jnioe from the cane than is possible in 
any mill in whioh the action is conducted by rolling. A diagram 
of the principle of this mill is shown in Fig. 4. 

F is a solid plunger, whioh oscillates to and flro in a tnbe. 
The plunger is driven by a crank, and receives considerablB 
power with the aid of the inertia of a fly-wheel. The canes are 
supplied to the mill by the vertical tabes a and b. The plnnger, 
in the position shown in the fignre, is about to move towards D; 
in its passage it ents off the end of the cane in the tnbe B, and 
compresses the segment thus out off against the mass of bruised 
cane D. The jnioe which flows from the cane escapes throng^ 
the holes h, h in the tube. These holes are oonii^ with tdhe 
narrow end ouieide to avoid cl<^ging. On the retain of the 
plunger to c a segment from the end of the cane in A is out off, 
and has its juice expressed. A new length of cane in b descends 
into the tube to be ready for a fresh operation. 

Thus two canes ore suppliod to each tube at the same time, 
and several plungers and tubes can be worked by tlie same 
engine. It ie believed that by this process the juice is more 
completely expressed than by rolling. Not only is sugar 
saved, but the compressed canes are drier, and therefore in 
a fitter condition for fnel, and this is a very important con¬ 
sideration in many of the colonies, whore fuel is scarce and 
expensive. 

The treatment of the juice by evaporation, necessary for the 



extraction of the raw sugar, does not involve any very special 
machinery. We shall therefore pass on to the meohanioal 
appliances made use of in the process of refining the sugar. 

The moat interesting part of the process of engar refining, 
from a meohanical point of view, is the applioatidn of oontri- 
fugal force to the separation of the crystals of sugar from the 
liquid in whioh they are contained. After the syrup hag been 
concentrated in the vaonnm pan crystals form throughout the 
mass, which becomes something of the oonaistonoe of mortar, 
and is of a brownish colour. When intended for making sngar- 
loavos this mass is placed in a mould of the proper form, and 
the liqnid portion trickling away leaves the loaf in the form in 
which we are familiar with it; but when the crystalline soft 
sugar is to bo made,’oentrifugal foroo comes into play. We 
shall calcnlato the magnitude of this force, referring the reader 
to the lessons in Mechanics for the demonstration of the 
theorems which will be used. 

If a point bo moving round in a circle, of which the radius u 
E, and T the time of revolution, the magnitnde of the oentri- 
fugal force is 

.g*B 

* 

We shall suppose that E equals two feet, and that the particle 
makes ten revolutions per second; the magnitude of the force 
is therefore— 

4 x(^^*x2 K 100, 

This quantity reduces to 7884. The force of gravity 
therefore the ratio of the centrifugal force to gravity is 7884 
•— 82. Hence the centrifugal force is about 246 times greater 
tha!h the force of gravity. . , ... 

We learn from this example how great is the force which can 




















110 


THE TBOHNIOAL BHtldATOjL 


be prodnoed to expel the water from between the oryetala of 
eager. Each partiole of water ie urged towards the exterior 
will) a fotoe eqoaJ to 246 times the weight of tbo partiols of 
water. 

The apparatoB ooneista of a large iron cylinder, the sides of 
wbkh ore perforated. This oylinder is mounted upon a vertical 
spindle, and by means of wheelwork this cylinder is capable of 
receiving a rapid motion of revelation. Into this cylinder a 
ohargo of the mixture of the crystals with the water is intro¬ 
duced, 'When the motion commences the centrifugal forco 
mokes the contents of the vessel fly to the oiroumforonce, the 
liquid posses through the holes in the sides of the vessel, and 
the crystals of sugar form into a layer round the sides several 
inches thiok. When the water has boon expelled a little 
clear syrup is introdueed into the vessel; this syrup passes 
through the sugar, and carries with it the lost traces of the 
colonred liquid. When tbo motion ooasoa the sugar is ready 
for market. 

Ihe peculiar advantage of centrifugal force for this process is 
that each atom of water is expelled by a force which acts upon 
itself directly, and is not transmitted by the pressure of the 
surroundiug particles. Por example, suppose the sugar-cane 
subjected to pressure in a hydraulic press, or in some other 
machine adapted for the purpose; tho particles of sugar on the 
exterior would be crushed, but tho preesuro would only bo im¬ 
perfectly transmitted to the interior. In fact, unless the 
crystals were so compressed together that all tho interstices 
had disappeared, tho water would still remain in the mass. If 
the oompression oonld bo carried to suoh an extent that this 
should bo attained, it is manifest that tho crystals would be 
^shed and disflgured. But with contrifugal force the action 
is quite different. When tho crystals ore paokod as close 
together as possible without injury to their form, numerous 
interstices are left; from those the water flies because it is 
itself acted upon by tho force of its own inertia. 

It is mniiifost that this useful application of centrifugal foroo 
is capable of more extended utility than tho single example we 
have given. Drying machines for cloths which are in process of 
Wouching depend on tho same principle. The liquid flies from 
tho interstiees of tho cloth in the same way as it does from 
those of the sugar. 


PRACTIOA.L APPLICATION OP THE FINE 
ARTS.—I. 

THE A»T OP QLASS-PAISTING. 

BT P. H. DELAKOTTK, 

Professor of Brawiug, King's CoUego, I,ondou. 

^ 1.—intboductobt. 

Thk disoovory of glass, like that of many other most useful 
and important inventions, is wrapped in obscurity. Not even 
a myth contains oonoealod within its kernel tho origin of this 
valuable addition to man’s oomfort, as that of Prometheus 
reveals the source of fire. Tho legends told by Pliny and 
Josephus of pirates or Jews using blocks of soda to support 
their fire, and thus accidentally discovering glass, refute them- 
selvoB before tiio light of scientifio inqmry. No ordinary wood 
flro would thus convert sand and soda into gloss. More pro¬ 
bably miners smelting metals, noticing some vitreous remains 
amongst tho slag, admired and imitated them ; or it might bo 
that potters saw a glaso run over some of the pottery that they 
were baMng. But however tho art originated, wo faiow tliat in 
the early times of tho Egyptian empire, before even tho period 
usually assigned to the exodus of tho Israelites, glass was made 
into bottles and beads, and one of the latter exists, h.aving on 
it the name of a king of tho eighteenth dynasty, wlio lived 
about B.C.. 1500. Later on those same Egyptians manufactured 
vases, cups, perhaps lamps, and certainty mosaics, and under¬ 
stood the art of glass-cutting. Qloss-blowers arc portrayed 
at work both at Thebes and at Beni-Hassan, and Alexander the 
Groat is said to have been buried in a oofiin of glass. Glass 
was used for bottles for wine, some of which wore enclosed in 
wicker-work and some in leather ; but more remarkable still is 
the discovery in Egyptian tombs of several bottles inscribed 
with Chinese letters-^inting, it wonld seem, to an Oriental 
origin for this art « 

Eroffi Egypt the manufacture of glass slowly spread to the 


I other coasts of tho Mediterranean, to Phoenicia, to Qrseoe, and 
to Borne. Tho Phoenicians at an early period made some 
marvellous works, if wc believe, as seems most credible, that 
tho huge emerald pillars mentioned by Herodotus, as seen by 
him in the Temple of Hercules at T^e, wore some of those 
artificial gems for which the Egyptians and PhcBruoions were 
for a long time celebrated. To Greece the art took a long time 
to penetrate, and but littlo seems to havo boon done by the 
Greeks until they had lost their indepondenoe and had come 
under Boman rule, when the Bomsns themselves were already 
exoelUng in the same lino. Under the Emperor Tiberius great 
encouragement was given to workers in tho art of gloss-making, 
and subsequent emperors wore great oonnoisaeurs of tho elegant 
creations in this material. < 

The first use of glass for windows seems to have originated 
soon after the peri^ of which wo havo just been speaking— 
viz., in tbe first oenturies of the Christian ora« Seneca, who 
lived in the third century, is the first author who dist^etty 
mentions such an application of the material; but a pane was 
found at Heroulaueum, a city which we know was ovorwbulmed 
A.D. 79. Here, again, wo are at a loss to know whore the next 
stop was made, of introducing ooloured glass into windows, or, 
indeed, whether this was another step, and not one and tho 
same. Many people, oonsidoring that it is far easier to moke 
gloss of some of tho commoner colours than to produoo that 
which is perfectly colonrloss and transparent, have supiiused 
that coloured windows preceded those of oloar glass. This is 
probably true, but the early windows wore made either of glass 
of one colour only or of slight modifications of one colour. It 
was as much another stage to introduoo a pattern, with distinct 
and contrasted colours, as it was to introduce transparent and 
oolonrless glass. Clirysostom speaks of windows of divers 
colours. TTie church of St. Sophia at Constantinople is said to 
have had coloured glass windows in the sixth century; but the 
earliest coloured windows of which wo know the precise date 
wore those made for Popo Loo III. in 795, to bo inserted in the 
Clmroh of St. John Lateran at Itome; and tho oorliost date that 
can be relied on at Constantinople is A.i). 949, when Constantino 
VII. sent hie portrait, beautifully painted on gloss, to Abdor- 
rahman, the Moorish monarch at Cordova, in Spain. This, of 
oonrse, must havo boon produced by colours laid on tho surface 
of the glass, and not burnt in; in fact, the latter improvement 
is attributed to either the Germans or Elomings at a much later 
date. The yellow staiu prodnoed by silver is said to have been 
the result of an ocoideut which happened about the beginning 
of the sixtoonth century—some say to Van Eyok, others to I’m 
Qiaoomo da Ulmo. Tho latter is said by Vasari to havo dropped 
a silver button into the lime of tho fumaco in which ho was 
about to bum some painted glass, and that the silver, touching 
the heated plates, caused a yellow disoolonration, which acd- 
dontal circumstanoo he, like a true observer, immediately turned 
to oooount. 

Into Gaul the art of making and colouring glass had beon 
introduced in the earliest centuries of the Christian ora, and 
about tho eleventh oentury it had begun to flourish, boin^ 
advanced and nourished, like many other of the fine arts, more 
espeoially by its dedication to eaolosiastioal purposes, for deoo- 
rativo gloss dues not seem to have beon used in private houses 
until nearly the sixteenth oentury. Between 1399 and 1429 
tho hotel of the Duke of Orleans in the Bue do la Poteme lea 
Saints Pol in Paris was adorned witii ooloured glass, which, 
however, on being at a somewhat later date cleaned and washed, 
required renovating and colouring afresh, so that evidently the 
oolours wore not burnt in. 

Bodo says that gloss and glass-makers wore brought to Eng¬ 
land as early as a.d. 674, but the art does not seem to have* 
flourished greatly here, for Matthew of Paris says that in the 
time of Henry HI. only few ohurohes hod glass windows; bnt 
after this it must have rapidly arrived at perfeotiou, for the 
colonrs, and espeoially the blue, of twelfth oentury glass are 
such as have been surpassed at no subsequent period. 

The prooess sinoo that time has not materialty altered. Slight 
improvements have been made, and at one time a portion of the 
art bad beon lost. This now has bemi reoorered; but though 
we oan trace stages of development sunning parallel' to the 
different stages of arehitenture, ^ere have been no great revolu¬ 
tions in the art down to the present day. ,, 

Having now drawn a sli^t sket^ of the progteas from the 
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oacrlimt known apeoimens of grluM chiwn to tiio penod at wM^ 
this deoorativo art was practised in its greatest perfection in 
onr own oountryi it is tune to give some notioe of how the 
process of painting npon glass is carried on; and hero wo 
would draw attention to the difference between stained and 
painted glass. Stained glass is that which is colonred in its 
nianu&iOtare; the painting is a shade burnt into the glass at a 
subsequent period, so that most windows contain staiued glass 
paint^. In the early days of painting gloss, colours were 
'simply applied with white of egg or oil, or some such con¬ 
venient vehicle to the unoolonr^ or so-called white glass; 
the picture was afterwards varnished, and the whole was oom- 
plete. At a later period, when the art of burning in the colours 
was disooverod, the former prooeas was considered insuffioiont, 
and for all works of any importance it has been discarded, and 
will not bo further referred to by us. The present process is 
really the prodnotion of a spooies of enamel on the eurfooe of 
varions oolutfted glasses, thereby producing various degrees of 
transparency. 

We shall now speak of the various stages that have to be 
passed through befoie a window can be pnt into the opening 
for which it is designed, and we shall do this os if the work 
were entirely carried through by the samo individual, though 
any one will see at onoo that the labours at the fumaco and the 
artistic manipulations ore not likely to be performed by the 
same pair of hands in those days of minnto subdivision of 
labour. 

The first requisite is a careful design, and the circumstances 
of the case necessarily remove the art of designing windows 
both from painting and from mere moohanical designing, such 
as 'Uiat used for ordinary art manufactures. The next stop is 
tlio production of tho glass itself—its colouring—and here wo 
must note tho defferonoo of its manufacture, both from tlmt of 
transparont glass used in ordinary windows, and that of coloured 
glass employed for ornamental purposes. Wa must next look to 
certain poouliaritios of English and foreign manufacturers, and 
notice how brightness of light and delicacy of colouring is jiro- 
dnood. Aftet this tho gloss has to bo cut to the required shapes, 
to bo sot np, and at length painted. Ihese stn^s we slioJl 
dosoribo. Then tho varions stylos of shading, and their ciTucts, 
will engage ns for a short time before wo follow our picture to 
the furnace, in which its shades and stains are indelibly fixed. 
After this the putting the whole together, and fixing it in its 
required plaoo, will complete the work. 

Onr future papers on tho art of painting on glass, which 
is one of the most interesting prooosscs connected with the 
practical application of the fine arts to industrial work, will be 
accompanied by illustrations, which will not only bo of great 
use and value to the student of this beautiful decorative art, 
but also furnish svdtable studies for enlargomont, to bo ooloured 
subsequently, to show the general effect of the composition 
when execute in painted gloss. j 


. THE ELECTRIC TELEGRAPH.—IX. 

By J. U. WirntEB. B.A. 

THB BBIAT—^ATJTOMATIC TBUt'-RAPHS—BAIN’S—WHBAT- 
BTOMX’S—TBB BOUNOBK. 

In the embossing Morse instrument described in our last, it is 
clear that the eleotro-magnet must possess suffioioni power to 
prose the style rather firmly against the riband. In tho ink 
recorder a oertain amount of pressure is Ukowiso required. Now, 
we find that when the electric onrrent has to travel over a very 
long cirooit its power is considerably reduced, and even if we 
inoteaee the battery power there is an increased resistance, so 
ihht we cannot transmit to very great distances a ourrout suffi¬ 
ciently powerful to print its own mosaages, In sbortor oirenits 
defective insolation, and other simitar causes, often prevent 
the message being dnly recorded. 

At first sight this appears a serions diffionlty; hot it has been 
met and entirely removed by a most simple but ingonions piece 
of apparatus called a “ relay.” By means of this tho current 
arriving by the line-wire calls into action the battery at tho 
receiving station, and this local battery is ^en made to print 
the message in its own instrument. 

^ Many different forma ore given to the relay, and one of tho 
■wplert of these is shown in Fig. 38. bobbin (or somotimoa 


two placed tide by' side) is aeoared to the stand of the instru¬ 
ment, the ends of the wire which round it being con¬ 

nected with binding-screws, titnated one at each side of the 
instrument. The Uno-wixe is connected to one of these and the 
earth-plate to the other, so that the current as it arrives merely 
travorses the ooik, and posses on to the earth. The keeper of 
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tho electro-magnet is monnted on a lover which turns on a 
pivot at A, 80 as to vibrate with as little friction as possible. 
The npper end of this lever plays between two sot-screws, B 
and c, by which its motion is regulated as required, il delicate 
spiral spring is affixed to its upper end, and keeps it, when no 
current is passing, resting against the tip of B, which is covered 
with a piece of agate or otiier good insulating material. The 
other end of the spring is connected to a cord which passes 
throngh a loop, and is then attached to a small reel moved by 
the milled heiid D. In this way it can be adjasted so as just to 
keep tho lever pressing against B, but at the same time to allow 
it to yield to the famtest attraction from tho magnet. 

Tho recording instrnment is now placed in circuit between c 
and one polo of the local battery, while the other polo is in 
communication with the axis A on which the lever turns, Tho 
manner in which the instrument acts will now bo manifest. 
Tho cirnnil of the receiving instrument is interrupted between 
tlio point of c and tho lever; tho agate tip of B preventing any 
circuit throngh that. 

Now if a current passes along the line-wire and round the 
bobbin, it at once converts it into an electro-magnet, and 
overcoming tho tension of the spiral springs brings tho lover 
into contact with c, and thus seta tho recorder to work. To 
ensure contact, tho tip of c, and the snrfaoo of the lover under 
it, are both covered with platinum. In this way the style 
I moves jnst as it would if the onrrent from the lino-wire passed 
I through tho instrument itself, but there is sufficient power to 
print the message distinctly. 

It will easily be seen that by means of relays suitably arranged 
any message arriving at a station can bo actually made to re¬ 
transmit itself to any other station or stations without any 
assistance from the dork in charge. Tlie telegraph thus 
becomes almost automatic, and we have in this an illustration 
of the marvels that may be acoomplisbed by the aid of science. 

A difficulty has been found to exist in very long lines, and 
especially in submarine cables, in the transmission of messages 
oven with the relay, and it has been suggested to make one or 
two brooks in the Uno, and at each to introduce a relay and a 
row battery. Tho project of laying tho Atlontio cable in three 
sections, with relay stations at Greenland and one other j>laae, 
was some few years ago sorionsly disenssed. 

The greatest speed attainable with the Morse, under ordinary 
oircmnstancos, is about thirty-five to forty words per minnte. 
Tho hindrance, however, to a greater speed, is not in the instru¬ 
ment or the power of tho electric onrrent, bnt in the labour 
required for tho transmission; and when wo consider that on 
an average ten or twelve distinct signals have to bo given for 
every word sent, wo are only sorprised tibat this extreme rate 
can ever be attained. Tho linea and instramonts are, however, 
capable of accomplishing moretiuin this; and hence means have 
been sought of increasing tho speed of transmission, and thus 
accomplishing a greater amount of work without increasing the 
number of line-wires or instruments, since these add so greatly 
to the cost. 

On# plan that has been tried, especially on the Continent, 
consists in setting np the message in typo; this is not made 
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oa the oidinairy plan, bnt out out of sheet brass in such a way | 
that the elevations in it correspond to the marks in the Morse 
alphabet. This type is plaoed on a metal tray oonneoted with 
the Hne>wire, sad is mode to travel rapidly under a small 
spring oonneoted with one pole of the battery. Thus at every 
devation in the type a current is transmitted, the duration of 
whidh is r^pilated by the arrangement of the type. Fig. 39 



Fig. 39. 


will illustrate this, the word “ Morse ” being hero shown as set 
up in the typo. 

^ this way seven! clerks may be ooonpied in sotting up 
the^CBSages, wbioh may bo suceessirely transmitted at a very 
great speed, all of them being transmitted along one wire. 
The strip of paper at the receiving station must, of course, bo 
made to move in this cose at a greater speed than usual. Be¬ 
sides the saving thus effected, there is an additional advantage 
attained by sotting up a message in type, and this is that 
the same message may easily bo sent in sucoession along 
different lines. In the case, for instance, of the Queen's speech 
in opening Parliament, the same message has to bo sent to 
almost every town in the kingdom, and if once sot up the same 
^pe may be mn through each instrument. 

In this country, however, a somewhat different plan is 
adopted. There are, in fact, two systems of automatic 
transmission, invented respectively by Bain and Wheatstone, 
which have been tried. In both of those the message is 
punched in a strip of rather stout paper, which is then drawn 
through the transmitting apparatus. Bain’s instrument was 
earlier of the two, and was originally worked for some time 
on the line from Liverpool to Manchester, a speed of about 
seventy words per minute being attained. Difficulty was, how¬ 
ever, experienoed in proonring a perfect arrangement for punch¬ 
ing the paper, and the insulation of tbo lines was likewise 
defective; ibis impeded the speed of the meseages, and the use 
of the instruments was discontinued. 

The etrip of paper was ponched with the same signs as those 
received in the ordinary way, the embossed part being removed 
by the punch. A strip of paper with the word “Bain” punched 
on it is shown at Fig. 40. When thus punctured, it is drawn 
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over a metaJlio roller connected with the lino-wire, while a 
sorrow metallio spring presses on its upper soxfaoe, and thus 
oomei in contact with the roller wherever one of the spaoos 
ooonrs. The end of this spring is usually divided into two or 
three prongs, so as to ensure a contact being made, and thus it 
will be seen ourronts of varying length are transmitted, just as 
when the orchnary Morse key is used. In the ease of a long 
meseage several operators may commence punching Nit at 
different parts, and the separate strips may easily bo joined 
together and drawn through the instrument. 

In Wheatstone’s Automatic Telegraph the message is likewise 
punctured on a strip of paper, but in a somewhat different way. 
Three’ punches ore plawd side by aide, the middle one being 
xatber amollor than the others. A stud for striking with the band 
is connected to the head of each, and the riband is drawn under 
thm. 

The small centre punch is merely used to apace out the words 
and letters, the one whioh is at tho upper side being u.<<od to 
represent the dots of the Morse Code, and tho lower one for the 
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Fig. 41. 

dashes, ^e etrip, when punched and ready for transmission, 
presents tho appearance shown in Fig. 41. *^0 word “ Wheat- 
Btone” is here punched in it. * 

The punching apparatus used k so arranged that the paper is 


moved forward a smalt interval at each descent of a punch, and 
thus tho proper spacing of tbo words and lettetrs is attained. 

The transmitting apparatus reqaired with &ia etrip is, like 
the receiver, of a spodial oonstruotion. Three parallel wires are 
made to descend at constant, intervals upon the strip as it is 
moved onward, and the connections ate so arranged that when 
the upper wire passes through an opening and touches the 
metal underneath, a positive ourront is transmitted, while the 
lower wire in like manner produces a negative ourrent. 

In the receiving instrument there is a small reservoir of ink 
with two minute apertures in its under suifaco, so small that the 
ink cannot flow through them, ’rhe strip is drawn under this, 
and two polarised eleotrn-magnets are so arranged, that when a 
positive ourront is received one of these forces a small pointer 
through the right-hand aperture, and thus produces a dot bn this 
edge of the strip ; whan a negative ourrent is rooeived, the other 
magnet is called into play, and produces a similar dot at the 
other side of the strip. The meseage as received then will 
present the appearance shown in Fig. 42. Tbe merits of this 
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system are increased speed and greater accuracy. The punches 
are very easily and rapidly worked, but long-continued striking 
tends to render tho hands somewhat tender, and hence in some 
cases the punches are worked by steam, and a gentle touch 
suffices to allow the punch to act on tho paper placed under it. 
A single wire will with this instrument keep several punches at 
one end and several readers at the other fully occupied. 

The Queen’s spoecu on opening Parliament in 1871 was 
transmitted to many of the princip^ towns in Bngland by this 
instrument, and in one ease a speed of 94 words per minute 
was attained. This was between London and Br^ford, and 
the wire was, of course, in very good oondition as regards con¬ 
ductivity oud insulation. The speeoh contained 1,780 words, 
and the length of the riband on whiob it was punctured was a 
little over 111 yards. 

On tho same occasion the speech was transmitted to various 
places by the ordinary Morse instrument, and the greatest speed 
attained was on the Une to Brighton, the whole message being 
transmitted to that place in 43| minutes, that is, at an average 
speed of about 40 words per minute. This is the greatest speed 
ever recorded as being continued for snob a length of time: a 
few abbreviations were, however, used. 

As we have already mentioned, a poonliar olieking sound is 
produced by the Morse instrument when at work. This is 
caused by the oscillating lever striking against the set-sorews 
whioh regulate its play, and thus two taps are produced for 
every sign transmitted. When the dot is sent these taps sno- 
ceed one another very rapidly, bnt with tho dash a longer 
interval elapses. An unpractised oar will, of courae, be quite 
unable to ffisoem this, bnt an experienoed clerk is frequently 
able to leceive and write down the message from the Bound oldne, 
without oven looking at the strip. The iiistniment may indeed 
be said to dictate it to him, and be writea it by eat. 

The great advantage of this is at onoe apparent, bnt in this 
country it is not oonsidered well to receive '^e message in this 
way alone. The strip is therefore always allowed to teodve the 
message, and this eon be referred to, if necessary, so as to ensure 
greater aocuracy. In Amerioa, however, many olerks read 
entirely by ear, and instruments knows os “sounders” are 
espooially constructed for tho purpose. 

I The “sounder” oonaists of an electro-magnet, aoltably 
I mounted. Its keeper is fixed to a lover, at the other end of 
I whioh is a small hammer made to play between two anvils. 
These ore so arranged that a less intense sound is produced by 
the upper than by tho under one, and by means of adjusting 
screws and a spi^ spring the exact sound of each can be 
regulated. 

This instrument is much simpler iu its oonstruotion, and has 
in most parts of America quite snimrseded the other form. 
There is, however, one serious drawback to its employment, and 
that is the fact tliat no written record k left. It is steited 
however, that much fewer mistakes arise when it k employed, 
and that tho ear is foTufil to be much more reliabk than the eye. 
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XXI. 

inflC*I.I.*iraOTJ8 ThAXITB or COMMBBOlAIi TAttT® (coneZuded). 

CoBx Oak (Quereiw twlwr).—Tliis tree oloeely resembles &a 
Qmreut iteg, L., or evergreen oa>k, so well known in EngUsb 
ehmbbeties. It is Indigenous to the mountainous regions of 
SpaiBi Portugal, and the south of Fronoe. It grows from thirty 
to forty ^8et high, and from two to throe feet in diameter, 
Spain and Port^al supply the greatest portion of the cork 
wfaiah is need in Europe; abundant supplies are also received 
from the south of France at the foot of the Pyrenees, the 
ishuida of Sardinia and Corsica, and the forests of Algeria. 

When this tree is about five years of age, the cork, which 
oomposes the greater part of its bark, begins to increase in a 
wery remarkable manner. Nearly all its vegetative activity 


sober or cork—via., the living layer of cork beneath. After 
barking, the pieces of cork are slightly choired to close the 
pores, then loaded with weights to flatten them, and Anally 
stacked in square masses in some dry place, where they remain 
for two or throe months. In drying they lose about one-fifth of 
their weight. 

Only when the trees are forty or fifty yestfs old is the bark 
snffioieatly matured for making good co^. This substance is 
valuable for bottle corks, because it is light, porous, compres¬ 
sible, and enfficienily elaatio to adapt itself to the neok of a 
bottle. It can be cut into any shape, and, notwithstanding its 
porosity, is impervions to any common liquid. These qualities 
make it superior to all other substances as a stoppering for 
bottles, for which it is principally used. Corks ace made aa 
follows:— 

The oork is first out into slips, which by means of a gang* 

r 
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seems to'be concentrated on this part, which grows nnnsnally 
lacge, thick, and spongy. If left on the tree it becomes oraoked 
and so deeidy fissured that it is unfit for nse. It ui therefore 
removed before this happens. Its removal does not injure, but 
is beneficial to the tree, for if the cork is allowed to remain on 
its stem, the cork-oak seldom lives longer than fifty or sixty 
yeaiB; if, on the contrary, it is removed, the tree fionrishos 
BomefSmes fOi upwards of <150 years. After the treo is thirty 
yean old its oork may be removed at intervals of from six to 
tea yeace. tHie first crop of oork is generally inferior in quality, 
and is pyinaipally used for making floats for fishing nets. The 
oitapu ace nsi^y gathered in the months of July and August. 
Two opposite longitudinal inoisions into the bark are made the 
'itholh length, of the stem, and then several transveme ones 
about tiiicee fMt apart. The bark is now beaten to sepwte it 
fsem the enbjaoent liber, and detached in cylindrii^ pieces by 
fueerthm under it the handle of the instrument, which is curved 
imd IWtte tliiB at its extreinity fortl)^ purpose. In effecting 
tUa rc^gumd great care is token not to injure the newly-formed 
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are made narrow or wide, ooonrding to the eizo of the corks or 
bungs ordered; these slips ore then cut into squares of the re- 
qui^ length, which arc out oiroolorly with a knife I>y the 
hand, and thrown into a basket. Cork-cutting in Catalonia and 
the sonth of France is a branch of manual labour which 
furnishes a livelihood for a oonsiderab/e portion of the popula¬ 
tion. Several attempts have been made to ont oorke by machi¬ 
nery, bnt they have hitherto failed to supersede hand labour. 

Cork is largely manufactured into soles for boots and shoes. 
Cork legs, hat frames, msMresses, bolsters, life-preservers, and 
lifeboats are also mannfaotnred from cork. Coffins were mads 
of it by the ancient Egyptians. Uony of the wealthier inhabi- 
tanta of Spain have their houses lined with oork, which ensotM 
the freedom of the rooms from damp. Cork, in thin slips, is 
used by entomologists as a lining to drawers and cabin^ in 
which to fasten their insect pins. Spanish black and a black 
oiifionr for painters aie made ^m the oaloined parings of oork. 

Tie quantity of oork annually imported into the TTnitod 
Kingdom is about 3,000 tons. The price per ton varies from 

34 
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j 617 to i650, aootnrding to qnalii^. The Spraith ooxh ia the 
Iteetk^ and fetOhee the highoBt price. Unxnuiiifeotared ooik la 
odndtted into England doty free. The duty on oorke reedy 
made ia eight ahi^ge per popnd; owka only eqoared and 
Toonded pay sixteen shillings per cwt. •, and fishermen’s oorke 
two diiUings per cwt. 

Baua (Oehroma, Lagopusf natural order, BtereuUaoea ).—The 
wood of this tree, being soft and light l&e cork, is used for 
stopping bottlea. The never-unking rafts, which at the dis- 
oorety al South America caused such surprise, were constructed 
of it, and are so still. This tree. prerailB along the coasts of 
Soutii America and the West Indies. The sil^ hair of the 
capsule of this plant, as well as that of other species of tire 
or^r, ia employ^ for stuffing pillows and cushions. 

Soda and Potash, which occur abundantly in plants, are 
important articles in commerce, and the plants which yield 
th^ are therefore deserving of notice. A large proportion of 
the plants growing on sea-ooaata contain soda, whfiat inland 
jdaasi coat^ potash. Yarions speoies of dcdsola, espeoially 
Si kdK, S. BttHatmia, and B. Koehia, famish the soda of com- 
taarbs. ' The hest bo& comes to ns under the name of barilla, 
whUoh is, in the incinerated ash of BaiKla haU. This plant 

fS'^eareti^l^ cnitivated in the Spanish provinoes of Muxoia, 
Yglcu^ Cartl^sgena, Malaga, and Meant, which oarry on a 
ooMidstable trade in the artiele. . 

^‘The seed is^sowh in light soils, which are embanked towards 
tihe 'iea»B^ipjN^ aiad ifumished with sluices for admitting an oooa- 
skKiial oyeeSow salt water. When the plants are ripe, the 
crop is cnstAown and dried, the eeods are nibbed out a^ pra> 
eervedt end the xCst of the ^ant ia burst in rude furnaces, at a 
tcaap e r Sk itte jsM sUffioient to cause the ashes to enter into a 
siste t/l sesai^uitoni'ac os to concreter cn oooling into oellnlar 
aostpaot masseii. ' most valuable nuiety ef thie artiele is 
oal^ ^uwt iarUkty^ ft haa'a greytsh-blne o^ur, and> beeomea 
ooynted with a ltilittlr'IlfflmrMoenae trhen exposed for soam time 
to the air, ft Is KiM,' and dfiBcnlt to break; when applied to 
the tongue it i^toe li pungent alknUne taste."* An inferior 
■odi^ ia XUB^ in Frkfiee, E^knd, Inland, and the Shettands, 
from sea^wesd, and.'IWonght ilito commerce ‘slider the name of 
ke^. Large revesing ate derived Iqr tire prCptietors of the 
ehdree of the Seottiidi idands bom the inoinmiiaon of sea-weed 
byibmr tesapts, whfi'Ystudly pCg their restinktlpk' (Oaibonate 
of soda is fiow mada' fiom oommen salt (ddeffide ct sodinm), 
yet the bnbning of'eea-weed^- etc., ii.istill Isrlfely Allowed for 
the aake of the ioffina ooutgined is tbgiasbes. ' 

Poffuih is prq[»sred for-tfitmmerae'bjr.erapbrafting £n iron pots 
thelfgb>>Pn<*^ YO*^ashi^ henoe.tiMuame';^totk. The potash 
in is very eolubtow water., ff the wocd-ash, which is an 
isQiiirilt.'earbosBte’tllf potieh, betm Mo water, and qniok-lime 
ba added to the thhrtion, the lime will abstract the carbonic 
add bom oasbtnhte of potaihf and form on insoli^le oar- 
bosate of1hlie,|whfifii^11 be pxedipitatQd, .aadthe potaah wUl 
be taken up by the water, which will thtis be rendered pew^ 
folly alkalinio. The lixivium or clear alkaline Uquor thus ob* 
taii^ is then decanted off, and evaporated to diyness in iron 
pota, the reeidunm ia calcined to remove all organic matter, and 
the prodnet thus obtained forms the crude potash of oommoroa. 
The Afferent varieties of potash are named either after the 
locality in which they are produced, or tho route by which they 
ORiva. Thus we have American, Bussion, German, lUyiian, 
Saxon, Bohemian, and Heidelberg potashes. When still further 
Iinrifi^ by additional ooloination, potasb is termed pearl-ash. 

Potash con only be obtained abundantly in countries where 
then ore vast natural forests, and where wood is so cheap that 
it onty costs the labour of felling mid banling. In many parts 
of America, where timber ia an encumbrance on the soil, it ia 
felled, ^Oed up in pyramide, and burned, solely with a view to 
the nmau&ot^ of this product. 

Petsak is Si Tsry considerable artiele of oommeroe. Bnaaia 
pTOdnees anoually over 300,000 cwt, wl^h'are exported from 
Petembnrg, BSga, and Archangel; and bom Poland, vid Warsaw 
and Ctoo^.t fmm East and West Pmssia, vid Dantdo and 
Ronigsberg, vast quantities of potash are also exported. Hun¬ 
gary produeM anhually .130,000 cwt. of potash, of which 50,000 
cwt go to suj^ly tto demand in Bavaria and Saxony. Tho 
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Hars district, the foresta of Thuringia, and almost all ports of 
Germany rich in wood, supply potash. In modem times, how¬ 
ever, it is received in greatest quantities from Canada and 
the United States, vid Boston and New York. 

Potodi is largely oonsnmed in tiie mannfaoture glass, 
poroelain, earthenware, and gunpowder; in ooloor and che n doal 
manufactories; and also in dyeing and bleaching. 

Tiwdsb.—^T he internal apougy portion of several epeoies ol 
PoJyporus, soaked in a solution of nitre, forms tinder. The 
principal places for the prodnotion of tidsvfuel axe, beaidei 
Hungary, Poland, Sweden, and Alsace, the country around Ulm, 
Nuremb^, Augsburg, and'Frankfurt in Germany. Germany 
supplies the Frenoh, English, and Dutoh markets, and Sweden 
the oountries around the Baltic. 

Fxn:.i.EB’s Texzei, {Dipgacus Fullanum: natural order, JDty 
taeacm ).—^Thia plant is closely allied to the ComposHm, bnl 
differs in having free stamens, and a pendulous ovule. It ii 
valuable for ita large oonioal oomposito flowa^heads, whud 
have hard tUS braots, tire sharp pointa of which are hoedeed 
Theee bracts remain after tiie fiowers have died, and theh 
pointe are so admirably adapted for rsiriug the nap on wodllai 
cloth, that no invention has yeti been found to stmerseds them 
Many carding madlunes have been' introduoed, bnt the best 
olotiiiers atiU prefer the teasel for finishing th^ olotii. Foi 
this purpose the oomcal teasel heads axe out up into halves one 
quarters, and fixed into a dy^drioal- €wne, with the hookev 
bracts outwards, which baiM is madt to rotate over tiie snr 
face of the doth, ui^iil the little sharp hooks of the teasel havi 
soratohed up the required ntg>. Teaxd beads, under tiie nonM 
of weavers* carders; are an mdensiTe s^ole commerce, sac 
oultivated in Fianoe, Italy, Holland, (lannany, and the Weot ol 
England. Large quantities, are annually imported into tiu 
United Kingdom from Hamburg and Hiplland. The teasda an 
made np into bundles for sale to the dowers, eodi bundle eon. 
taming from 9,000 to 10,000 plants, addition to oUx houu 
produce, 14,022,384 teasel beau were t^orted in 1858. 

.' BiTLBUSHxe (Beirpus laeustfis, L.; natnral order, Oyptraeea). 
—^The bulrush, or >bM«Mah, grows alanigthe maj^ina of rivers, 
lakes, and ponds, especially in Natthem ^Bhrope and the Nether 
lands. This plankbCsed in making tiie iseate d msh-bottomsd 
ehoirs; it is also id gnet demand who plaoe il 

between the staves deai^miended to ^dliqnid.* The piilij 
straotuse of the msh‘ inwuertiie swefi^ttg'of the enim, and tiu 
interstioea between the etaves are thdO dosed, sad the oad 
rendered water-tight. ,’Tiiutywessels ladenwith this rush anivi 
anni^y in Englam firom Molhtnd and Hifigium, bringing tbirtg 
or &rty tons of rulm eesk .iyoyage. ?^b is a very largt 
qinuitity, oonsideting tiie BijflitnesB of the materiOL More tiiai 
l,0fid ’t^.d bulmshea ore apnit8% impt^d into the tlnitec 
Kifilfdom.i. . 

SOVV^.IIcsH (Juncu 0 i§v*vm, L.; natnral order, Jvrneuotm),— 
The pith of tiie eommon aaft tiish, as obdid Juncua eon- 
ghmeraivt, is empltyed for makhig tiie winks d msh-Ughis, 
which continue to be used, oltiioityh not eoMidt 4» formal- 

In Japan, the manufaertuxe d mats, etc., from mshee, iq a 
regular trade. The floors of their houses are covered with msh 
mats of groat beauty and variety, and rush mats are the only 
carpets and beds ns^ by the Chinese. A light sort d matting 
made of the same material is used as a window blind. The 
sugar sent home bom the East Indies is packed in bags piaifl 
of rush-matting. The size of the Japanese rush mats appeam 
to 1^ regulated by law, for they are all of the some magnitude 
throughout tho kingdom, the o^ exception being the mats in 
the imperial polaoe at Jeddo. lushes axe also used for ebaix 
bottoms and baskets. 

Dutch Bush XEgwiaetnm hyemale, L. ; natural order, Egui- 
sdetcets).—Used for polishing hard woods, alabaster, marbles, 
and other subetanaes, for which purpose it is well adapted, by 
thelhiTge quantity of ailex whidi is contained in its oUible. 
The invention d sand and emety papers in modem times has, 
however, now aknoat superseded this natnrsl polititer. It ia 
still much used in Holland, where it grows abundantiy in low 
boggy ground; it is found in damp wo^ in this oomitiy, bat 
is oooasionaOy imported bmn Holland. 

Bast (TiUa Europaa ; natural order, Tillaaeai)i-'*Th4 earn- 
men linden or lime-tree ie eerily recoffoisad 1? Ite obtiiintiy 
cordate, uuymmetrical and tiie ourious biaot to w)tioh tiu 
pedunele or flower-stenr dhstU. Xu Nertimm Euz^ ttdl 
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Boad*, imat UMta, ropae, and twinaa axe made from the inner 
fibrona baxk of thia 1^. A.t the proper aeaaen the sterna are 
out longitudinally, and the bark is taken of in long etripa. 
The outer baxk ia easily aepaxated from the inner ^ and the 
latto: dried oonetitatea the bast of oommeroe. Thia ia plaited 
by the BnaaianB into mats from a yard and a half to two yards 
aqnare, which are mUoh naed by gardeners and upholaterera. 
Theae mats are also employed for linfaig the holds of Teaaols 
intended to reoeiTe com. Not fewer than 14,000,000 are 
annually imported into the United Kingdom from rarioua 
Bnaaian porta, but chiefly from ArohamgeL 


AGRICULTURAL CHEMISTRY.—VIII. 

BT GUABIkSa A. CAKBBOK, PH.IX, X.V., 

Frofeaaor Hygiene in the Boyel College of Sorgeona, Ireland, etc. 

CHAPTEE Vni—NITBOOENOtTS MAHUBEB. 

Thx moat valuable kinds of mannrea at present employed are 
those which, owing to the largo amount of nitrogen which they 
contain, are termed nitrogenous. In this ohaptw we propoae to 
deaoribo the more important fertilisers which act chiefly by 
means of their nitrogen, but some of whiob are also more or 
leas useful on aooount of the phoapbatea and olkalino salts 
which they contain. 

PomTian guano is the most generally employed nitrogenous 
manure. The term “guano” is a corruption of the PoruTian 
(Indian) word huano, signifying dung. Iluring countless ages 
this manure has boon employed in Pern, and in snob high 
estimation was it held, that any person detected in the act of 
killing the sea-fowls whoso dried excreta constituted thia manure, 
was liable ta bo puulshod by death. We need not feel sur¬ 
prised at the protection afforded to the guano-prodneing birds, 
when we learn that large tracts of countiywonld have remained 
nnprodnoti-ve were it not for the liberal axtplication of guano to 
their soils. 

In Peru rain is a rare phenomenon, and tho temperature is 
very high. Tho conditions for the preservation of the excreta of 
birds are therefore most favourable in this dimato. Countloss 
searfowls frequent tho isles and rocky promontories of tho 
coasts, and their exorements ore rapidly dried, and in a manner 
baked immediately after being voided. The dried excreta is 
to a large extent soluble in water; but in Pern there is no 
rain to wash away the soluble ingredients of tho guano, and 
consequently little save water is lost by evaporation or solu¬ 
tion. In other countries, whore bird-manure accumulates in 
certain places, the rain washes away tho greater portion of 
the alkaline salts, whilst by fermentation, induced by the 
united inflnenoe of moisture and heat, a portion of its nitrogen 
esoapoB in the form of ammonia, and the rest is perhaps alto¬ 
gether washed away by rain. 

Peruvian gnano oontainB large proportions of ammonic 
urato, oxalate, and phosphato, various alkaline salts (oom- 
poimds of Ihe metsls sodiam and potassinm with acids and 
bhlorine), calcic phosphate, and orgranio matter. Until recently 
an average sample of Peruvian guano had tho following com¬ 


position i)er 100 parts:— 

Xoistuxa .12 

Eitrogenous organic matter and anunonlooal salts. S6 

Yielding ammemia.(10) 

Trloaloio phosphate (tribaslo phosphate ol Umo) . 22*5 

Alkaline salts.2 

luBOlable mineral iolts.0‘6 


100-0 

As the annual importations of Femvian guano into those 
countries amount to hnndrods of thousands of tons, and as 
three-fourths of its value (when of good quality) are due to its 
nitrogen, the proportion of that ingredient in a sample of gimno 
is a matter of prime importance to tho pnrehaser of the article. 
The importations during tiie present year have, however, been 
cf a most variable chuooter, although- formerly no manure 
poaoessed a more constant oompoaition than Chu^as Islands 
(Peruvian) gnano. In very few sampleB has the per-centage 
of ammoiiia* risen to 16, wbilgt in many but 9 per cent, of 

*14 paste of nitrogen am equivalent to 17 parte of ammonia. In 
e gnano «ajy a portion of the nitrogen exftte in the form of ammonia; 
the rest is a oonatituant of uric acid and other nitrogenoaa bodies. 


this constituent has been found. The importers of PeriivlaS 
gnano refuse to guafantee the presence of any particular amount 
of ammonia; henoe tho purclumrB of tiiis onoe standard manure 
ore liable to pay ^12 or ;B13 for an article timi may not be 
aotnally worth .£9. 

Peruvian guwo is frequently largely adulterated with day, 
plaster of Paris, ochre, and inferior pliosphatio guanos. We 
have often examined Peruvian guano oontsining from 30 to 60 
per cent, of fraudulently added earthy or other naeless matters. 
When genuine and of good quality, thia kind of gnano has a 
light broim or greyish colour. It consists of powder com¬ 
mingled with hard lumps, which on being broken exhibit a 
lighter colour and a ciystaliino appearance. A bushel of good 
gnano weighs about sovonty pounds, whilst adulterated kinds 
often weigh more than a hundred pounds per bushel. A rough 
test of the purity of the artiole is to bum three-quarters dS an 
ounce of tho suspected sample upon a piece of tin or iron placed 
on a clear fire. If tho residue be not more than a quarter of an 
ounce, the gnano ia probably pure; but if ^e residue amounts to 
half an ounce, the sample is either extremely inferior, or grossly 
adulterated. Gnano adulterated with ochre or olay has usn^y 
a dark-brown colour, and it is much oolder to tho touch, and 
fools heavier than good Peruvian guano. 

Peruvian guano is largely used as a manure for cereals} it 
I is also commonly applied to green crops, but superphosphate 
i of lime is more generally used for the latter. A mixture of 
two parts of superphosphate of lime and one of Foravion 
guano usually gives good results when applied to mang^ilda, 
tomips, and other root-orops. The best results foUow the nse 
of this manure when it is applied to heavy clays oontitiniug but 
little organic matter; light soils, on tho contrary, appear to be 
more benefited by the application of phosphatic manures. 

Sul-ammoniao, or ammonio chloride, and ammonic sulphate, 
arc very valuable nitrogenous manures; indeed, it is probable 
I that it is their ammonia alone which ia useful to plants. When 
cool is submitted to what is termed destructive distillation, for 
tho pnrpose'of preparing illnminating gas, the small proportion 
of nitrogen which the fuel contains unites with port of tho 
hydrogen, and forme the gas termed ammonia. The gases 
evolved from tho highly-boaM cool are passed through water, 
which dissolves nearly all the ammonia, and some tarry matters, 
carbonic acid, and sulphuretted hydrogren. Tho water Saturated 
with these matters is termed gas liquor, or ammoniacal liquor, 
and it is the source of nearly the whole of the ammonia and 
ammoniacal salts manufacture in tho United Kingdom. This 
liquor is put into largo tanks, and heated by steam-pipes. Tho 
ammonia is driven off, and forced into vessels containing eitiier 
sulphuric acid or muriatic acid (ohlorhydric acid). The aoid 
and ammonia nnite, producing a sulphate or muriate, as the 
case may bo. Tho solution of the ammoniacal salt is next 
boiled down, and tho salt crystallisud. 

Commercial ammonio snlphato contains about 26 per cent, of 
ammonia, and sal-ammoniac 30 per cent, of ammonia. In tho 
former salt there is aomotimes present a salt tomiod sulphocya- 
nido of ammonium, which is poisonous to plants. The presence 
of this Gompouiid may bo detecto<l by adding to a solution of 
the ammonic sulphate a few drops of solution of ferrio chlorido 
or sulphate (porchlorido, or persulphate of iron) which has 
the effect of producing with the suliihoeyouide of ammonii-.ui a 
deep rod colour. 

The ammoniaciol salts supidy nitrogen to plants, and these 
are most ofiioacious when applied to tho corcals and the natural 
grasses. The leguminous crops are not always benefited by tho 
application of ammonia salts. 

Gas liquor, diluted with four times its bulk of woter, may be 
employed as a liqmd manure. It is on cxoidlcn*. addition to 
tho compost heap. Gas lime (the refuse lime, containing 
certain impurities derived from ooal gas) is hold in high esti¬ 
mation as a manure, but wo believe it to bo seldom worth tho 
cost of its carriage from tho gas works to the field. It eon- 
tains only a traeo of ammonia, and it is merely the Ume of which 
it is mainly composed that renders it at all useful. 

Soot is naed largely for mannrial purposes. It eonsists of 
oarbon (charcoal), salts of ammonia, gypsum, and other mtnerals, 
and vorions orgauio bodies. The amount of ammonia variss 
frqm I to 6 per cent. This mnnnre is used chiefly as a 
spring top-dressing to pastnroa and meadows. Dried blood, 
h^, leader clipubgt, feathers, horn shaving, shoddy, and 
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' ‘WOoUen racni are need for masurial purposes. Tboy oontais 
about a i^th part of tbeir weight of mitogen; bat with the 
exception of dried blood, they deoompoae extremely slowly in 
the eoil. Shoddy and woollen tags may be rendered imme¬ 
diately available by steeping them in strong eulphurie acid for 
• few days. Their deoompositien may also be haetened by 
inoorpoiating them with a compost in a state of ootire fer¬ 
mentation. The ar^oial manure manufacturers often use these 
artiolfls os cheap sources of nitrogen, bnt for this purpose they 
are not nearly so volnable as ammonio sulphate, guano, or 
blood. 

Bape-oake, at one time used exoluBively os a manure, is now 
lorge^ employed os a food for stock. It deoomposes readily 
enough in the eoil, and its action is seldom felt after the first 
year. In oveiy 100 pounds there are about 6 pounds of nitro¬ 
gen, Si poun^ of phosphoric acid, and 2 pounds of alkaline 
■^ts. It is ohiefiy used as a manure for wheat, and may bo 
either drilled in with the aeoils or applied as a top-dressing 
in the spring. 

Sodio nitrate (nitrate of soda or cnbio nitro) is one of the 
best top-dressings applied to tlio cereals; under its infineiioo 
the sickly yellowish colour which growing wheat sometimes 
assumes is generally changed into a healthy green. Cummeroial 
sodio nitrate contains about 17 per oout. of nitrogen, somewhat 
less than is yielded by ammonio sulphate. 

Before being applied, sodic nitrate should be mixed with 
three or four times its weight of ashes, common salt, or some 
Buoh material, and it should bo applied as equably as possible 
to the soil. Those observations apply equally to all -^o oon- 
eentrated manures, \7bon sodio nitiaio is pure it evolves, when 
'&rown into the fire, B'fine yellow light; but if adulterated with 
common salt, tho ooloor is groonish-yellow. Dry sodio nitrate 
oontaina 63’53 per cent, of nitrio acid, which is expelled from 
the salt at a red heat. If an onnoo of tho nitrate does not lose 
by prolonged ignition nearly two-thirds of an ounoe, it indi¬ 
cates some such adulterant as sodio sulphate (Gdauber salts) or 
common salt. 


PRACTICAL PERSPECTIVE.--IX. 

The object of this lesson is to show the method of patting 
into perspective an object when placed at an angle to tho 
picture, and at a distance from Vte foroground. 

Let us, in tho first place, rooapitnlato tlio method of project¬ 
ing tho object when one of its angles touches tho pictnro-plane. 

In Fig. 44 B c E D is the plan of tho cubical figure which is 
to form the subject of tho lesson. 

Having drawn tho picture-lino, horisontal line, and line of 
direction, and having fixed tho station-point s, constmet at s 
tho angles a s h and i s j equal to tho angles o n a, D b f in 
tho plan, and prodnue tho linos s a and s i to meet tho hori¬ 
zontal line in tfI and vrfi (tho last-named point is not shown 
in the figure); from vrl and vt2, with radius extending to s, 
describe arcs ontting tho horizontal lino in iirl and Hr2. 

Now at u' (tho distance of tho nearest angle of tho object on 
tho right of the speotator) erect a porpeadioular b' f, equal to 
the height of the object, and from b' draw lines to tho vanish¬ 
ing-points ; set off on the pioturo-line tho lengths b'c and b' d' 
equal to b c and b d on the plan, and draw linos to tho measuring- 
points. Those linos will, as already shown, ont those drawn to 
the vanishing-points, and thns give the positions of the edges, 
which will stod porpendioulari^ on the points c and d in tho 
plan. 

From F draw liims to the vanishing-points, and then the per- 
pasdionbrs c and d will complete tho projection of the object. 

We now proceed to delineate tbe object when placed on tiio 
left of the spectator and within tho picture (Fig. 45). 

It will, in the firet place, be necessary to find the points of 
distenoe, and it will be temomborod that these are at the some 
distuuM from the oentre of the picture aa s. Therefore from c, 
with tadins 0 8, describe a semicircle, ontting tho horizontal 
line in the pednte rol and pd2. 

Now find the vanidung-points and moasnring-points. In tbe 
present oaee these are tlm wme aa have been need in Fi^. 44. 

In tile first instance, mark the point 5, whiqh woold be the 
situation of the front e^ dt the object if it w«e in the iifme- 
diate foreground. 

Now, 03 the object is to be moved d.’.'srtl7 baekwesdi it will 


travel in a line at right angles to the piotore-plane, and such b 
line will vanish jn the oentre of tiie pioture. Therefore— 

From 6 draw a line to c, and 

From t eet off h r, representing the distance which the object 
ie supposed to be within the pioture; and from r draw a line, to 
the point of distance, cutting b c in b'. 

Through b' draw a horizontal line, called the movable base-line, 
and this, in the actual working of the snbjeot, wiU take the 
place of the picture-line. 

Now on each side of tbe point b on the picture-line set off the 
real length of the sides, as per plan—viz., be and b d —and from 
thoee points draw lines to toe centre of the pioture, ontting toe 
movable base-line in e' and d'. Tho movable base-line is tons 
divided proportionately to toe oorresponding portion of toe 
piotnre-lino,* and now toe work con proceed in a manner pre¬ 
cisely similar to toat in Fig. 44 

From b' draw lines to too vanishing-points, and from (f and 
d' draw lines to the meaSuring-points, ontting those in r" and d". 

At b' erect a perpendicular for the front of the object; but 
the question now arises, how to out this off at toe required 
height, for, of course, as it is in the diatanoe, tho real height 
will bo diminished, but how much ? Now it will be remembered 
that tbo whole object has moved backward in a direct track from 
tho point b in tho foreground. Therefore draw at b a porpon- 
dieular of the true height of tho object—^viz., b f —and from f 
draw a lino to the centre of toe picture, cutting toe perpen¬ 
dicular b' in/. 

Thou b'/ is tho perspective height of too front pcrpondicnlar 
of tho object, for it will bo seen that it is a portion of a plane 
standing in toe line from b to c, and bounded at the top by toe 
lino/ c. 

From / draw lines to toe vanishing-points. 

At c' and d" erect porpondiculors, mooting these, and giving 
the perspective height of tho edges e and d. 

From tho upper extremities of those draw linos to too 
vanishing-points, which will complete the projection. 

Fxebcibe 33. 

The scale to he j inch to the foot; the height of the spectator, 6 
feot; hie distance, 18 feet. 

Put iuto perspective a cubical figure, 4 feet square at base and 9 feet 
high, when its left Bids recodes from tbo pictaro-pluae at 40“, and its 
nearest angle is at 6 feet on tho left of tho spectator. 

Exebcise 34. 

Put into perspective tho same object when it is at 8 feet on the right 
of the spectator, and 10 feet witliin the picture. 

Fig. 4G.—^The subject of this lesson is a square block or 
plinth, on which rests another square block of smaller size, thus 
leaving a lodge or step all round. 

Tho height and distance of tho spectator having licen duly 
arranged, and tho width and position, A b, of the object having 
been marked, draw lines from A and b to the centre of too 
picture. 

From b draw a line to too point of distance, cutting too 
lino AC in o'. • 

From c' draw a horizontal line, ontting toe line b c in s. 

A o' B D is then tho plan of too plinto. 

This figure will bo seen to oontain one diagonal, b (f. Draw 
too second, a d. 

It is now neGeesary to draw within this plan too plan the 
nppor blook; that is, to show where the upper block would 
stand if it penetrated the plinth end touched toe ground. 

Ftom 1 mark off e, and from b mark off f, each of the 
lengths A s and b f being eqnel to toe dietanoe which the 
plinth projects beyond the upper blodc; toat is, the width of 
toe ledge or step ell round. 

From E and F draw lines to too oentre of toe picture, ontting 
toe diagonals in e g and / h reqieotively. 

Join efhg, and the figure thus formed will be the plan of 
tbe upper blo^. 

Now, as toe upper block stands back from toe plan of toe 
pioture, it will be eaeOy nndereti^ ihat toe penpe^e height 
will be different from the real and therefoN it heoomea 

neoeaeoiy to ereot in the immediate foreground a perpendionlar, 
on which all hoighte are marked, and from which timir apparent 

' * See “Fiaotical Geomgby Applied to Unear Dtatto>8" Ftfr J 
CVol L, p. 84), 
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heights are obtained. This perpendioalai’ is oalled the line of Now it will be seen that the line drawn from the centre of 
meusiarimerU. the picture, through i in the ground>pIan, paesos through e / in 

To obtain this, draw a line &om c, passing through the k, which point is immodiately under A'. Therefore a perpendi- 
interseotion i of the diagonals A B, B c', and meeting the pic- cular raieod from h should, if the work has been correotl; done, 
ture>line m t. pass through le', and tliis line represents the plan or surface of 

At L erect the required perpendicular, of indefinite height. the emaller block. 

These prolimmaries being settled, erect perpendiculars from Now on the line of measurement set off l', the real height ol 
each of the angles A, n, o', D. the npper block, and from i,' draw i.' c, cutting the peipen^cnlar 

On the line ol measurement mark off l j, the height of the | k k* in {. 



plinth ; .through j draw a horizontal, cutting the perpendiculars Through I draw a horizontal, cutting the perpendiculars s 
A and B in' a and fc; the horizontal a b, thus obtained, will be and / in m and n. 

the npper edge of the front of the plinth. The rectangle e' mnf is then the front of the upper block. 

Prom a and h draw lines to o, cutting the poritendictdars c', d Prom m and n draw lines to a catting the pcrpondieulra g 
in e and d. Join e d, which wriQ complete the plinth. and h in p and o. Join these points, and the figure wul be 

On the npper surfaeo of the plin& draw ihe diagonals a d completed, 
and b e.‘ Prom the nature of the lessons which haTO been slroad; 

Prom the pomte e,f, g, h (the angles of the inner figure) in the given in this important subject the student will have learnt the 
plan erect perpendionlan, cutting the diagonals a d and b c in necessity of proceeding with zealous care from step to step, so 
t'fft /* A'« • ^ insure accuracy to his work. It is better to repeat every 

afbto these potots, and from j on the line of measurement measurement twioe, if not thrice, before proceeding to work 
draw a Ifas to 0, eutitog the line o' / to k'. from <& by any point or line thus obtained, as a single falss 
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•top^iliTolrlaK even a retjr minute enor in dietanoe or position, 
nmy prore the means of rendering a great deal of otherwise 
OBi^slly bestowed labour useless, and oompelling the learner 
to oaaoel tiio faultx drawing and begin another. 

Another point to be insisted on in writing a description d 
the method adopted in working out any problem or exoroiso is 
am aooumto and careful rendering of the lines and points of 
meaenroment, shown in the figure by letters, and a rigid ad- 
herenoe to the letter or letters by whioh each point or line is 
known when onoe fixed. Alidiongh it is not absolutely necessary, 
it is better always to designate a line by ftoo letters, namely, 
those assigned to the points whioh ore its extremities, an angle 
as well as a triangle by three letters, and a parallelogram or 
trapesinm by four letters, taking oare in the last-named case 
that the letters of the comers read in regular order round the 
figure in either direction, as b, d, f,o, or b, c, ie, d , in the plan 
in Fig. 44, and not u, u, o, b, or b, o, i>, js, os is frequently bnt 
inaoonrately written by students. 


SEATS OP INDUSTRY.—Xr. 

DUNDEE.-1. 

BY WIIJilAH WATT WKBBTJ5B. 

Tkkbb are few towns in Europe that owe their importamoe and 
prosperity so largely to the oultiTation of one branch of manu- 
faetore as the town of Dundee, the chief seat of the linen trade 
in Scotland, and, although both sides of the Atlantic were to be 
searohcd for paraUels, it would not be easy to find many in- 
stanoas of towns that hare made more rapid progress. How 
the Scotch linen trade came to bo oonoentrated to so largo an 
extent in Dundee is a question that has often been asked, but 
BeYsr satisfactorily answered. Frequent and persevering efforts 
were made to establish vorions industries in the town, previous 
to the time when the manufooture of the eoarsor desoriptiouB of 
Knen cloth became the staple trade of the place, but they all 
sooner or later ended in failure. Linen manufacture is the only 
industry of any magnitude'that has been permanently suooesaful 
in Dumdee, and it seems to have been adopted simply as one 
among the many expeiimonts that were tried. C!ommenting 
on the “ wonderful progress *’ of the linen manofooture in this 
town, Mr. M'Collooh says, “ Something must be ascribed to the 
oonrenient situation of the port for obtaining supplios of raw 
material; and more, perhaps, to the mannfaotnre having been 
long established in the towns and villages of Strathmore, the 
Com of Oowrio, and the northern part of Fife, of which Dundee 
is the emporium. But these oiroumstaaoes do not seem ade¬ 
quate to explain the superiority to whioh she has recently 
atteined in that department; and, however unphilosophioal 
it may mem, we do not really know that we can aaoribe it 
to anything else than a oonourronoe of fortunate aooidents." 
Of oonrse, the ohanoe theory ie no explanation, but merely an 
ingenioue method of stating that onr information regarding tho 
early history of the Dundee linen trade is not complete and 
perfect enough to fumieh a eolation of the problem. The entor- 
ptieo of the inhabitants ought, however, to be oonsidered among 
the oanses of the extraordinary prosperily of the town, and a 
brief eketoh of its history and growth will show this influence 
at work in the periods whm its progress was most marked. 

The name Dnndeo is said to be derived from Don Dei, a 
ooirnption of Donwtn Dei, and to hare been oonfetrod on the 
town in commemoration of tho extraordinary escape from 
eUpwreok of Prince David, Earl of Huntingdon, not far from 
tiie month of the l^y, on hie return from the Otueodes, in 
flie year 1189. Previous to that date tike town was oalled Alec- 
tum, or Ail-lee, whioh in the Gaelio tongue signifies “ pleasant,” 
or “beautiful." Taodnnwn, tha“hill or fort on tiie Tay,” 
WM tho name bestowed upon their settlement in this quarter 
by the Bomane, who, it is reoorded, were so etrnok the resem- 
blanee between the river and their own “ faiher liber " when 
they tot apprOBohed it, that they exolsimed “Seee Tiber!’' 
num is a ttadittoo that about the year 8S4 a firituh force 
having eneamped on Tothdbrow, in the poririi of Strathmartine. 

the SootU^ amn nader Alpine, 1 ^ ooo^ Duudm 
Imw^a bill on tiie novn «ida of ‘Uie town, about & 2 fi feet above 
b.battte was fooi^t in to intetoeumg 
pMUt'WUebsesBltad .fai Ibe-dqfi^ oC.to Soots and the-oavture 
MS toimtbm df fllielr 1^. » mw *<!t to MtoPto 


William the Idon, ut 1166, that Dundee was iuoorpoiated as a 
royal burgh, but it had enjoyed many privileges before tot date, 
and must have been a town of no email oonsequenoe. Ikaoes 
of fortifioationa have been observed on to summit of Dundee 
Law, whioh are believed to have been erected by Edward I., 
who twice sacked and burned the town, in 1296 and in 1808, and 
by whom its anoient records were destroyed. It was recovered, 
however, by Wallaoe and Brnoe, in 1297, and by Brace in ISIS, 
and at the latter date tho old oastle was demolished. Dundee 
was again burned to tho ground by the Duke of lanoaster, in 
1385, and it suffered a similar fate in to reign of Edward VI., 
when tho English held possession of Brough l^y Pastlo. Geo^e 
Wishart preoohed the principles of the BeformaHon here during 
the plagno, in 1544, from one of the gates of the town, whioh 
served to separate the uninfected from the infect^, tho arch¬ 
way of whioh is still standing. Though Wishart’s iaoohing and 
tho influonoe of James Halliburton, one of the earliest and 
ablest of tho Soottish Beformers, and a native of the place, 
Dundee was the first of all the Soottieh towns to ronoonoe 
Popery, and openly profess the reformed religion. It is worthy 
of mention that dnmatio representations, in which tho vices and 
absurdities of to priests were ridiouled, were among to means 
resorted to by the earlier Beformers to wean to aSeotionB of 
the people of the town from the Boman'Catholio Chnroh. Two 
brothers of the name of Wedderburn were oonspicnons among 
the writers of these polemical plays, one of whom was vicar of 
Dundee, and they are also remembered as the authors of “ Gudo 
and Godly Ballads,” a series of songs devoted to tho same 
uauso. A third brother is said to have “ turned tho tnnos end 
tenors of many profane songs into godly songs and hymns, 
whereby he stirred up the affeotions of many;” and it has been 
suggested that these were the tunes referred to by Burns, as 
“ Dundee’s wild warbling measures.” But tho adhesion of the 
inhabitants to the solemn loagno and covenant brought severe 
disaster to tho town, for tho Marquis of Montrose, in 1645, 
burned and plundered it. Dundee, however, suffered stUl more 
from Cromwell than it did from Montrose, for its citizens baring 
refused to surrender to his authoriiy, tho Dictator sent Gonend 
Monk against it. A gallant rosistanoe having been made. Monk 
stormed tho town, killed abont a thonsand soldiers and in¬ 
habitants, and afterwards plundered and burned to place. 
Each soldier in to viotorions army had nearly ^60 sterling 
as his share of the booty; bnt none of them were destined 
to enjoy any portion of the treasure, for the sixty vessels 
containing it were totally wrecked on their way to England. 
This was the last great disaster that Dundee sustained, and 
since that date it hu made steady progress, nor has its subse¬ 
quent history been marked by any extraordinary event. 

It is not known when the linen manufacture was introdnoed 
into Dundee, but it was doubtless carried on tore at a very 
remote period, although only on a small scale. Several highly 
interesting refetenoes are made to linen in ancient SoottiA re¬ 
cords, and it would appear that to dressing, apinning, and 
wearing of flax was a part of to general domestia work of to 
people for many oentnries. It is mentioned that at to battie 
of Bannookbnrn, in 1814, “ oarters, wainmen, lackeys, and women 
put on shirts, smocks, and other white Huens, al(^ upon their 
usual garments, and bound towels and napkins on th^ speare, 
staves, etc.” ^e rental lists of tbe Ma:^uiB of Hnntly show 
that in 1600 rent was sometimes paid in linen; and an En^^iish- 
man, who made a tour in the iffighlaads of Sootiaad abont to 
year 1618, states that the master of the house, whetiier laird, 
farmer, or oottar, “will wear no ebirt but iff the flax that 
grows on his own ground, or of his wife’s, daughters’, or ser¬ 
vants’ spinning.” 

Towards to dose of to sixteenth century, linen goods were 
among to principal exports from Scotland, were sent both 
to England and to foreign oonntries. i^tween 10,000 and 
11,000 persons were said to have been employed in Sootland 
about this time in making linen for to £n(^b market, tfa- 
fortnnately, tike Soottiah Parliament passed a law prohibitH^ 
the importation of woollen goods from Eu^aad, and this pitoy 
led to to prohibition of ^otch linen by to Ei^liah Ariia-' 
ment, wbioh for a time completely rniimd to linen trade (ff 
Sootiand. In 1686 to Soottish Poriiament poasad a cjiviinia 
law, entitlad an “ Aot fordlnrying in Booiteii £4nan,** te.itikieb, 
,it waa deoread tot ” hereafter no ;o 0 tp«a>«tMiy,pBreaw stot- 
aoever ahall be bnried in juff. .aMr(».iatntoi M anatibibg 'toe» 
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«xoept ia plain linen or obth of hards, made and spun irithin 
the longdom, withoat laoe or pointa.'’ The duty of reoeiving 
and recording oertifioatos that bodioB had been burM as directed 
devolTcd on the parish minister, and severe penalties attach^ 
to breabhes of the Act. In 1898 another Act was passed, “anent 
right BMBSoring and nutking of linen cloth,” and ordaining 
that seals be pat on every pieoe or half-pieoe, as a proof that it 
was the right length, brei^th, and quality. The Union gave 
« great impetus to tlm linen trade of Idooiland, the duties on 
linra goods exported to England having then been abolished, and 
the colonial markets opened for Scotch manufaotures. At this 
period some 1,500,000 yards of the coarser kinds of linen oloth 
were annually manufactured in Scotland; and in 1720 the liuone 
exported to England alone were veined at i!200,000. Seven 
years later a board was established to promote and encourage 
the manufactures of Scotland, which had a powerful influence 
in developing the linen manufactorea of Dundee. The incorpo¬ 
ration of the British Linen Company, atEdinhmrgh, in 17M, was 
also a great event in the history of the Sootoh linen trade. This 
company imported flax, linseed, and potash, wbioh were sold on 
credit to respectable manufacturers, and it bought back the 
yam and linen they made at fi^ prioos. Tlis Btiiash linen 
Company also advanced money to the monufaotnrera on exceed¬ 
ingly reasonable terms, the original subsoribers vat having 
-entered upon the enterprise with the view of making gain, but 
simply in order to farther the welfare of the linen tra^. 

linens manufoatured ia Scotland were deseribed by' a 
writer in tho "Glentleman’s Magarine,” in 1742,as ‘‘the poorest 
and meanest; ” bnt at that time Dundee was more oelebiated for 
its “ plaiding,” a coarse woollen oloth, than for its linen. This 
was one of the trades that flourished for a season in the town. 
It was about tho year 1747 that the manufacture of the linen 
cloth known as Osnabnrg became tho staple trade of Forfar¬ 
shire, and especially of Dundee. In tho year 1789 no less than 
8,181,990 yards of coarse linen doth, valued at ,£80,587, were 
mannfaotuxed and stomped for sate in parish of Dimdee; and 
700,000 yards of sail-cloth, considered superior to that prodnoed 
at ^Ifast, and estimated at a vdae of ^32,000, were made within 
the precinots of the town. The spinning of odoiued sewing 
thread was also at this time, and had for several yearn pievions 
been on important branch of indnst^ in the place, it .having at 
one period been prosecuted by seven different companies or firms, 
mamtaining an aggregate of 66 twisting-mills, employing some 
1,340 spinners, and turning out annually abont 270,000 pounds 
of thre^, valued at upwards of £33,500. In 17M a spirited 
attempt was made to add the spinning of cotton to the manu¬ 
factures of Dundee. Seven cotton-epinning aemx>anies were 
started within a short time, and oontinned in operation for 
some years, but never suooeeded in making the trade remunera¬ 
tive. TUI the year 1790 all the yam need in Dundee was 
spun by bond, and bhiofly by people in the surrounding 
country dietriotB, and the larger portion of it oontinued to 
be supplied ia this way till shmt 1830, when epinning- 
maohinery came into ge^c^ use, *A mill for spinniag yam by 
xuabhineTy driven by water power, erected in 1790, by Messrs. 
Ivory and Co., at Einnettles, ForfMsldre, was on imqxntaat im¬ 
provement, and three years afteitwwda a stlQ more importaat, 
though not immediately snooeestal, experiment wu ma^, when 
Messrs. Fairweather and Manr b^t a small spinning-mill at 
Ohiqitelslds, the maohineiy of which was propelled by a ten- 
hori^power steam-engine. latter mUl, and another eteam- 
power mill started shortly after it, were kept working for some 
time, and then stopped, bnt cnly to reenme again after an in- 
terv^ There were 5 steam spinning-mills, with an aggregate 
<ff 60 horse-power, and 2,000 spindles, in operation in the town 
of Dnndee in 1798, the largeet of which was the Bell MUl, 
erected at a cost ^ £17,000. The wars of Napoleon, in the 
early yesxs of the present century, paralysed the Imen trade of 
Scotia^ and in 1811 there were only two spinning-quills at 
worir in Dundee; bnt after the battle of 'Waterloo the trade 
revived, and by the year 1822 there were no fewer than 17 
stem otinning-mills, oontaining 7,944 spindles, driven by 
enghua with an aggregate of 178 horse-power, and employing 
ahw flgOOO persons, in operation in the town, whUe in .ite 
tiqeimflji qHWi^Kn'lhMd - thew wme 82 epiiuungonUls, een- 

Wer the rinm 

tldimi^ie -.tii* ewniiBnediug die triet •mm'. 

wvein^ engiiMB rei»eeBaiWi|g -n af£88 hiiiee p »wiir,md 


employed about 3,000 peraons, while the yearly oonsnmption of 
flax was 15,600 tons, and the capital invested in mattery 
amonnted to £240,000. By 1846 the number of steam spinning- 
mills had increased to 38, oontrining 71,670 spindles, and 
driven by enginee with an aggregate motive power equal to 
1,242 horses. From “ Dawson's Abridged Statistical Hiiitory of 
Scotland,’' published in 1853, we learn that there were in 1850 
in the town and the immediate vicinity of Dundee “ 47 spin- 
ning-miUs, with steom-engmes of an aggregate of 2,075 horse¬ 
power, and 8 power-loom factories, possessing 235 horse-power,” 
and that those establishments employed in the various ooenpa- 
tions 3,240 males and 8,142 females. “ It has been ascer¬ 
tained,” this acoountooutinaos, “thatthe money wages distribnted 
among this large body of individuals amounts to about £3,900 
per week; the payment to the male operatives being on the 
averse 9a .6d., and to females 6a. weekly. Besides the power- 
loom factories, the town poaaesBes 62 establishments of one kind 
at other using hand lalnw; and in these there are 4,200 looms. 
Add to these, 10 establiehments for finishing, calendering, and 
packing tiie cloth which is prodneed, and we have an idea of the 
vigour -with which the linen trade of Dundee is conducted.” Since 
that period from 600 to 700 additional power-looms have been 
started. A few statistics relating to the linen and jute trade 
in 1867 will illnetrote tho astonishing progress made by the 
Dnndee manufactoiers between 1850 and that date; and sinoe 
1867 the trade has been still further developed. It was esti¬ 
mated that in 1867 the capital invested in factories for the 
spinning and manufacture of flax and jute in the town of 
Dnndee amounted to £2,500,000, in the ^strict to £2,200,000, 
and in other parts of Scotland-to £1,000,000 ; gi'^^6 a totel of 
£5,700,000. Tho yam spnn in tiie town during the same year 
was calculated to amount to 81,000,000 spindles, representing 
a -valne of £3,487,500; and in tits Borronnding district29,000,000 
spindles were prodnoed, valued at £3,262,500, giving a total 
for Dundee and ite dapendenoiee of 60,000,000 spindles, repre- 
smitiug £6,750,000. The cloth manufactured by the 8,000 
powerdooms ia the some year, caloulated at an average of 200 
yards per week for each loom, would amount to about 83,200,000 
yards, or 47,272 miles. Mr. 'Warden, the author of “Thelinen 
Trade,” states that about 50,000 persons are employed in the 
linen and jute -trade of Dnndee. It was in 1821 that the first 
attempt was made to introduce powor-looma in Dnndee, bnt the 
experiment was not successful till fifteen years later. Messrs. 
William Baxter and Son built a mill at Lower Dens, intended 
for 90 power-looms, but they did not at that time curry out 
thdr design. In an aooonnt of ^Dundee written in 1833, it is 
stated that ** power-looms have not been employed here, or, at 
least, not to any advantage, and they are underetood to be en¬ 
tirely laid aside.” The fint power-loom faotoiy erected in 
Dundee waa built in 1836, at Upper Dons, by Hobbtb. William 
Baxter and Son, and soon after thm others were erected, bnt a 
considerable time elapsed before any increase took place. It 
was only g^sdusBy timt the power-loom come to eupersede 
the hand-loom, and the latter has not even now been eutirtiy 
diseontinned. 
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WALL DECOEATION 

In this chapter we must devote ourselves to the consideration 
of wall decoration, or to the manner in which ornament should 
be applied to waJls with the view of rendering them decorative. 

It -will appear absurd to say that all ornament that is applied 
to a vmll should be euoh as will render the wall more beautiful 
than it would bo without it; bnt tins etatement is needed, for I 
have seen many walls omamonted in such a manner, that they 
would have looked much better if they hod been perfectly plain, 
and simply -washed over with a tint of colour. 

To ornament is to besatify./To decorate is to ornament. 
Bnt n surface cannot be beantm^ unless the forms whioh am 
drawn upon it ore graceful, or bold, or vigorous, or true, and 
- n-nless tile oolouxe applied to it are haxmonioua Yet how many 
irslln do we meet wiifc even in good houses—walls of oc^dors. 
LWdIbi at etakcBSes, -waiHa of dintog-rooms, wells of Ubearies, and, 
.Mead, waUaof eewy hind «f room—-which are rendered-qiSnisive, 
jKther than plsoaiiig, by‘the doeorations whkh they bear. 
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A my look well withoot decoration stripy eo called, 
and iliia itatament leads me to notice the vatione ways m which 
walls mw be treated with the view of rendering them beautiful. 

A wall my be simply tinted either with distemper colour, 
or oQ colour “flatted.” Distemper colour gires the best 
effect, and is much the cheapest, but it i^ not at all dntaUe. 
Every mark will show upon it; if rubbed, it is marked; and 
it cannot bo washed. CU ooloar when flatted makes a nice 
wall, whether “ stippled *' or plain, and is bo^ durable and 
Was^le. An entin wall ehonld never be Tarnished. 

I say that a wall can look well even if not decorated. Let 
me give one or two instsaoes; bat, perhaps, I had better give 
treatments for the entire room, hudnding the ceiling, and not 
for the waU simply. 

A good effect of a very 
plain and ineaponaiTs olm- 
raoter wonld be prednoed 
by having a black skirting, 
a oream>aolonr wall (this 
* colour to be made of middle 
.< ohrome y<dluw and white, 
and to reaembte in depth 
the beat pnre oream), a 
oomice coloured with pole 
blue of greyish tint, with 
deep blue, white, and a 
alight line of rod, and a 
ceiling of blue of almeat 
eny depth. The ceiling 
ooloar to bo pnre Fren^ 
ultramarine, or tins ultra* 
marine mixed with white 
and a touoh of raw umber, 
and the cornice blues to 
he made in the same way. 

The red in the oocnioe to 
he deep vermilion if very 
narrow (one-sixteentii of 
an in^), or carmine if 
broad.* 

A room of a 8ligh%more 
decorative oharaoter would 
be produced by mking the 
lower three feet of the wall 
of a different oolonr (by 
' forming a dado) from the 
upper part of the wall; 
thus, if the other parts of 
the room were coloured as 
in the example just given, 
the lower three feet might 
be red (vermilion toned to 
a rich Indian red with 
ultramarine blue) or ohooo* 
late (purple brown and 
white, with a little orange 
ohrome)tine lower por¬ 
tion of ^e wall being sepa¬ 
rated from the upper oteom- 
oedonred portion by a line of black an inch broad, or better by 
a double Hue, the upper line being an inoh broad, and tlm lower 
line throe-righths of an inch, t^ Usee bring a^wrated from 
eaoli other by fiva-rightiia ri the Md or ohooolate. 

I Ike the formation of a dade, for it affemda an opportunity 
, t giving iqtparent stability to the wall Iqr making its lower por¬ 
tion dark { and furniture is invsriably murii improved by being 
seen against a dark background. The oooupante of a room 
always look better when viewed in oaninnotion with a dark back- 
grauiul, and ladiae’ dreeern oertainly do. 

H»e dark dade gives the derired haekgronnd without render¬ 
ing it neoeseaxy that fk* entire Vrall be dark. If the furniture 
be mahogany, it wSl be wondecfully irnfaraved by bring placed 
against a ohooclata waU. 

^Ehc dado o£ a room need not, be plrin; indeed, it may be 

* In sons Paris of the cO«mtiy-lt is cmtonuiT to wash the cetniM 
cm miO^ quick-Uns. St this ha* baan dona, the lime must be Caie- 
fully removed, for line atit tuns caiadal bhde. 


enriched to any extent. It may be pbdn with a bordrieiBg sapa^ 
rating it from tiie waH, surii as 43, -M, or 4S; or it Suy 
have a simple flower regularly dispersed over it; or it inhy be 
oover^ with a geometrical repeating pattern, in rititec of wMch 
case it would have a border; of it may enriched with a 
special designed piece of ornament, as Fig. 46. This particular 
pattern should not, however, be enlarged to a height of more 
than twen^ to twenty-four inches; but if cd this width, and 
above a skirting of twelve or fifteen inohee, it wonld look welL 
I ^ve designed two or three narrow dado papers fCr lEessrs. 
Wylie and Lookhead of Glasgow, which are about righteea 
inokes broad, and are printed in the direction of the langtix 
of the paper, so ae to save unnecessary joins. 

It the dado ia enriched 
with ornament, and the 
cornice is oolonred, and a 
pattern goes aU over the 
ceiling, the walls can well 
be plain, but they may 
be covered with a simple 
“powdering” as the i>at- 
tems in Fig. 47, if ttese 
ore in soft colours. 

A good room would be 
produced by pattern Fig. 
48 being on tho ceiling in 
dark blue and oream oolonr, 
by the ooniioe bring oo- 
lonred with a prevalence of 
dark blue, the walls being- 
oream-colonr down to the 
dado; the border separat¬ 
ing the dado from the wall 
being black ornament on 
a dull orange colour, and 
by the dodo being choco¬ 
late with a black rosette 
upon it; the skirtingr 
boards being bright black. 
The dado may or may not 
be vamishod; the upper 
part of the wall cen only 
be “ dead " (not varnished, 
dull). If the room ia high 
a bordering may run round 
the upper portion of the 
wall, about three to four 
inches below the cornice; 
such a border as 1%. 49, 
may be employed in dull 
orange and chocolate. 

A citrine wall oomes well 
with a deep blue, or Idne 
and. white ceiling, if bind 
prevails in tho oomice, and 
this wall may hare a dark 
blne(altramarineandblaok) 
dado, or a rioh maroon 
dado (brown lake). If the 
blue dodo is employed the skirting shcnld be indigo, which 
when vamiahed and seen in oonjunction with tiio blue, will 
appear as black as jet. 

Wrile are usually papered in middle-oloss houses. I must 
not ohjeot to this nnivertial custom; but I do say, try to avoid 
showing the joinings. In all cases where possible, out the pc^er 
to the pattern, and not in straight lines, for straight joinings are 
very ol^eetianable. If yon use pa;;er for walls, use it artiatioaily, 
and not as so much paper. Let a dado be formed of one paper, rim 
dado bordering (dado rail) of a suitable paper bordering; the 
upper port of the wall being coveted by anothw paper of simple 
and just design, and of snoh colour as shall hurmo^iisn with tile 
dado. Proceed as an artist, and not as a mere workman. TUnk 
out an ornamental scheme, and then try to realise the 
effect. Avoid all papers in which huge bunehea of flowera 
animab or the human flgure are depicted. Tim for afi 
pnrpoaae are those of a simple geomeMoal psttOm, of in wkkb 
derigns rinnbur to those in Fig. 47 ore ‘'{kiwdaced ” orphri^ 
at isgolax intervab over a plain groond. 
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THE TEOHNIOAIi BDTJOATOB. 


COLOUR—XI. 

ProtHur CsraCB, Bogral Agrioultanl CoIl«cfi, CiiaaEottw. 
vujKrAOa ANx> vraTFOTtrsa moditt ooLooa—coiiOtrae ov 
wiBTtT.fl —DAKUonrxHa aks nAraa —^BKAHaunra on 
90U> AND Bn.TXB—LACQDBBniO--OOI«OrBS Of.OKMS— 
OOLOVBBD UAMBIM. 

Tbb ooloor at objects is infliunoed oot osljr by the natnie of 
ihe light by whidi they are illnminated, but also by their own 
peculiarities ‘‘of texture, etrn o t u re, and nufaoe. llie coloured 
light reflected from satb is diffmant from that of velret, though 
the auk used in the maxmfaotnre of these fabiios may have 
been dyed in the same teth. In explaining modifications of 
eolonr produced by texture, etc., wo shall select a series of 
illustratiTe examples £n>m the mineral, regetable, and animal 
IdngdomB. We shall then proceed to -explain their colour* 
peauliaritiflB, and the manner in which these may be utilised, 
in decorati're art more partiaularly. 

MetaUie colours' first claim our attention. Polished metals 
KK distinguished for their intense power of reflecting light, and 
for an almost complete opacity. An intense reflection of light 
is also ohserred other than metallic surfaces, such, fbr 
instance, as 'the neok of the xieacock, and that beautiful chemi¬ 
cal salt, the magneaium platinooyanide. But there are some 
pointa in whioh theae inatrona oolouzs differ from those of the 
true metals. Wo hare allnded to this subject in Lesson I., 
and may here inrooeed to app^ the principles of absorption and 
reflection of colour there laid down to the special case of metaUio 
cblonrs. Now it will be allowed that, under ordinary cixonm- 
stanees, metals do not appear highly oolonred, thongh their 
brilhanoy is often intenee. The angle of incidence of tiie light 
has ma<A to do with this. When we take a polished and level 
plate of gold or copper, and look along its suriaoo, we shall see 
it appear very brilUwt, but nearly white. In snoh a case, the 
rays of light which illaminate it almost graze the snrface, 
making an angle of nearly 180° with the reflected rays that 
reach the eye. But let this angle be rednoed to one of a few 
degrees only, then the proper ooloor of the metal will bo oon- 
apicuons. It may be stfll further developed and enriched by 
zepeated refleotions at a small angle of inoidenoe. Fig. 19 



iUnatiates the aaoda in whioh a beam of light may become in 
this way men highly aatnrafisd with oolour by nomeroua reflec¬ 
tions from taro polished anrfaoaacfipetal. From this cause ohssed 
gold and “ granulated " gold Mppetr of a far rioher oolour than 
hnmiahed gold, dad by so shaping the grooves or lines of 
abasing upon any pieoa of ooktuied metal, that repeated re¬ 
fleotions at small angles of inoidenoe ooenr in them, very rich 
nolonr-effeota may ba prodnoed. The splendid colours inside 
gold or ^ ^blets arise from tida canse. Ibuiy metals which 
laok distinctive oolour under oommon conditions may thus be 
made to develop it. Yet the oolour thus produced not only 
rimnges in tone or saturation as it beoomes enriched, but its 
(inality is also modified, nma copper may be made to yield 
ytim^ely a nearly pure or monoohnnnatlo Md light by repeated 
mfleotions. The oidonr is more distinot, it ia purer; but there 
ia leas Ught. 

The wlouz of a pure metal may be greatly altered by allr^- 
ing it, even allid>tl7> xrith another. Thna, g^d 22 parts, with 
2 parte of rilTSK pc^noes ajnetal of a greenish oolour, whioh 
may ba randandnatOl more oVpided by a mnall further additiou 
of ailvez. Cld|qmv» nn the other hand, to the uxtent of 10 or 12 
per oentnMdA^ffojldi iriiila a small admixtnza of both copper 
and eilyet dofs not giM ii telt s lI y tfiaet ite ootonr, thguf^ jfl mo^ 
it raiteaz palsv- A |laQte#>9Pt!rthm of 

to 20 per 'aiMBB.'.i9ariiB«Ba 'of i^oh. 


are almoet white. .Anoientaadsaodantooias, as wuSsm jewri- 
lery, fnnijah intneating examplM pfalha torisMsfa to .toe 
oolour ot’grid produced by idlay.. coiiM, 

rrith leas than 1 pec cent, of alloy, -riiow tha rich dlmnkoteriatio 
orange 'tint of the pure metal; while to a handtoL of modem 
Bovereigna toe yellowish-ozange onea indicate toe pzesBnoe to 
the alloy of copper and silver; toegreezdsh’oneain&oate'silvar 
alone, and toe reddish ones oopper alone. Slight as toese dif- 
ferenoea of colour would appear did they belong to ordinary 
pigments, yet, in the ease of toe metals, the intenaity. of their 
reflection enables ns to use with effect coloured Taristiee of gold 
in mncamontal jeweUeiy. Gold, if not alloyed very mndh (not 
more than 9 parts in 24), may he made to assume its proper 
oolour by a process of “piokUng” or “colonring.” Gold 
artioloB ponged when warm into nitric acid loac a portion of 
their anperfloial alloy, be it oopper or aflyer, toe pnre metal 
being left with a aomewhat matt, or daad anctoSe, and a rich 
orange oolour. Or a mixture of equal parte of borax, nitre, and 
sal-ammoniao may be made, ground into fine powder, mixed 
with a little water, and applied as a thin coating to toe metal. 
The metallio object is then heated till a faint diaooloaration 
appears on toe coating; afterwards, toe paste bring washed off, 
the pure gold film will appear beneath. With a film thus pre¬ 
pared, ai^ with some of those films which am obtained by 
eloctro-metellncgioal processes, toe biilUancy of the metallio 
tofleotion ia much impaired, toough its oharaoteristic oolour may 
remain. This altera^on arises from toe loss of oontinnity of 
the metallio surface. ' Silver, in fact, may be so precipitated 
from a solution as to present a surface almost indistinguiahablo 
from a sheet of oream-wovo rghite jraper; and gold may be 
obtained by similar procosscH in a state whioh xuesents a close 
resemblance to yellow ochre. Some of toe most beautiful effects 
in the decorative employment of metals may be obtained by the 
partial polishing or burnishing into an agate or steri tool, of 
such matt or d^ surfaces as these. When silver is deposited 
by Liebig's silvering liquid on glass, it may be made to assume 
a most perfect, or “ blaok,*’ luatce, and ia then applioable for 
use in mirrors or in the reflectors of tatesaopeB. Here toe oon- 
tinniiy of saifaoo is practically perfect. 

The dolioate and subtle contrasts between metallio colours 
has led to toe asaooiation of two or more metals in several 
kinds of deoorative work. We have already referred to the 
varieties of oolonred gold. In jewellery red gold may be 'used 
for flowers, with white gold or- electmm ; green gold maj be 
employed for leaves; wl^e the oxnamentid Isptay itself may be 
laid upon a chased or giannlated snrface of pure orange- 
ooloni^ gold. By too prooess of paroel-gilding on silver, a 
more der^ed difference of colour may be seon^; while 'toe 
methods of metallio inlaying and damasoening enable ns to 
obtain ths more marked oontraats between iron and gold and 
iron and silver. In these latter oases we hare not only a oon- 
sideiable differenoe of oolour between toe two metsls, but a very 
distinct differenoe in reflecting power. Iron or st^ oovered, 
by an easy ohemioal method, with a film of platinum, is preear^ 
from corrosion, and still furnishes an excellent oombini^ion with 
silver or gold, or 'with both of toese metals, an inlays. 

Before giving a list of toe oolonra of a few metala in their 
pure and nnalloyed state, we mey remark that otom ttetals 
besides gold are remarkably modified in hue by too presenoo of 
alloy. Perhaps oopper shows tois effect more commonly and 
more distinctly than any other. An alloy of 85 parte of oopper 
with 15 parts of tin, or with 15 parts of a mixture of tin and 
zinc, conatitntes a mixed metal of a rich yellow oolour, toe 
pink ooloor of the oopper bring then much altered. 8o 5 parts 
of toe bluish-white metal aluminium will similar]^ modify the 
eolonr of 95 parte of oopper, an effeot seen in toe so-called 
aluminium gold, or nlumininm bronze, which is tons eonstitated. 
It toe oopper be ndzed 'with tin in proportion of 70 eff toe 
former metel to SO of toe latter, then the alloy ia no longer 
I yellow, but greyish-white, fmmiBg what is known as sjpemcZum 
I metaU 

The poixmzs of some of the metala, in a lew oases azeerteinied 
I and detemnned by two or more r^eotionB, aze here gitmi— 
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Thflra ia one leiaarkablo and ixaportaat prop e rty apjoyed by. 
jnetelsi wad putionlarly by gold, A mi onoe hamiMiiriiv viih 
and aetiuig ^ ordiany odonred oiatenala. Two inatanoes of 
BOoh a ue of gold ^rill oooar to every oae^-tbe gilt frame of a 
piotnr^, and the gold threade in embroidery. Gold, in fact, is 
removed from the series of ordinary painto and dyes by the 
intensity of ibi metallio lustre, and so oombinea into agreeable 
assortments with all oolonrs, even with those with whioh yollow 
and orange'pigments do not assooiate welL In a picture-frame 
this peculiarity of its metallio Inetre prevents its yellow ooloar 
from interfering with tiie similar hues of the picture, while its 
ooloux being luminous and “near,” gives the idea of some 
degree of distance to the picture itself. We eoem to look 
through an opening into idle scene represented. 

Gold, and other metals as well, may have their lustre made 
use of as a brill^t background for the development of colour. 
A transparent mm of some sort is often placed upon metals, 
and when this film is coloured, such part of the light as escapes 
reflection at its surface passes through it, is reflected from the 
metal behind, and again passes outwards, leaving the film 
strongly ttnotnred witii its oolour. Films of this kind are of 
two sorts, one kind belonging to the vitreous or glassy series of 
mateiialB, and the other being resinous, that is, essentially 
similar to a varnish. Those transparent films are applied to 
metals for throe purposes—to protect the surface, to cause an 
inferior metal to assume the aspect of a more prooious one, 
and to produce oertain colour-offeots not otherwise attainable. 
Silver, whan varnished with white loo, loses some of its 
brillianoy, but is no longer liable to tarnish. Iron and brass 
may bo protected from corrosion, and improved in appearance, 
by a la^nor in whioh the red resin known as dragons’ blood 
is an ingredient. With tins preparation, silver assumes some¬ 
thing of the rich aspect of gold, and iron resembles bronze. 
BosinonB substances may be applied to metals either in the 
form of varnishes—that is, of solutions which dry and leave 
a oontinuous film or coating of the resins they oontain—or 
by means of fusion. In the latter case the finely-powdered 
resin may be introduced in a pasty form mixed with a little 
water into the grooves, etc., prepared to reoeivo it, and then 
heated to the temperature necessary to produce fusion. True 
translnoid enamels of. the vitreous class, on tho other hand, re¬ 
quire a much higher temperature than the resin, and yield far 
superior and more varied results. They consist essentially of 
different kinds of glass, coloured suitably with metallio oxides. 
Bine enamels thus oontain cobalt; puoe and violet onamels 
sue furnished by manganese; grass green by ohrominm sosqui- 
oxide, and so forth. Snoh enamels appear on silver of their 
proper oolour, but on groM the hue of the metallio background 
pto^oes a change of oolour, sometimes advantageous, some¬ 
times the oontrary. But as the oolour of gold may bo greatly 
modified by a little, it is easy to seleot or prepare a quality 
of gold suitable fw tbe several oolourad enamels in use. The 
following list gives the most appropriate metals tor a few 
odofra:— 

Cftvm.—Gold of 20 carats witii 4 oorats silver alloy. 

JBid.—Gold of 22 with 2 carats oopper, or a mixed alloy, 

Fielft, roM, isMto, yallow.—Silver, or, euitably, wliita oleetnim. 

PwM.—Eleotrnm d 10 carats gdld, 6 oorsta silver, or gold 20 carats 
fine. 

Broun.—Qfild of 20 to 22 osxttta. 

The subject of translnoid enamels naturally, leads ns to the 
oonsideration of gems and glass. It ought soaroely to be 
. neoeseary to vind^te for tbe natural preoious atones a very 
high position amongst decorative coloured materials. Betides 
* the hardness of the more esteemed sorts of jowtis, they prdnnt 
beauties and singidaritiee of oolonr and optical effect whitii are, 
to a great extent, quite inimitable by ortifioial methods. Yet 
amongst a oertain oUqne of artists and amateura it has bsoome 
the fudiion to depreciate thtir excellence, and, further, to insist 
np«m their being out, if used at all, in a way which is ncually 
fatal to the development of those qualities upon whioh the 
beauty of preciona stones depends. This method is known m 
the catting ea eabochon or “ tallow-topped,” and is applicahla or 
appeupriate, as a rale, only to those stones whioh ore not per- 
Isotty ttaasparent—opals, oata’-eyes, ohxysoprases, etc. Wlmn 
HWttyihe Asw u pir i mt poevsiBta the tfnll pleg ef light 

.Nifliittiim is impesCaat, and 

"^rrwinilwii ilii»wi<is,pnniii nlitMipiiggiwt ... simiir Hu 


effect ia producing the ao-oalled Jbrs of the stone. Analysed 
with a prism, the oolonr of gems is often found to differ from 
that of the nearest approach in actUoial “paste”—that ia, 
glass—that can be manufactured to represent ^em. Then, too, 
gems often exhibit peculiar optical properties wbioh no fused 
artificial snbstances can possess. The minnte internal fiaacres, 
to whioh the splendid play of oolonrs in the precious opal of 
Hungary and Mexico is due, cannot bo imitated, though there is 
another mineral, sphene, which poBSossos this renuurkahle quality 
in a high degree. The opal is seen best npon a black or dark- 
blue background of enamel, and is still further enhanced in 
beauty by a border of small diamonds, wMeb form a delicate 
yet effootive contrast, througb their perfect transparency and 
purity, and their almost metallio lustre, with tbe milkiness and 
variegation of the opal. The stones known as star-stones have 
also optical pecnliarities, which are qnite inimitable. These gems 
are essentially oiystallised alumina, and are known as star or 
asterias rubies or sapphires, aooording to their oolonr; they are 
translucent only, and owe their beauty to a peculiarity of their 
minute orystaUine struotnie. This is revealed when one of these 
crystals is out aoross its principal axis, and left with its top en 
eahoehon.. Then a six-rayed stw mokes its appearance, best seen 
in sunlight, or by the light of a small brilliant flame, or in the 
focus of a oondensing lens. It is duo to the symmetrically dis¬ 
posed layers of which the crystal is built up. The less transparent 
varieties of rod garnet, when ont os carbuncles, oocasionally show 
a star, but it has only four raya, owing to tiio simpler orystaUine 
strnuturo of tho stone in this pase. Among other ehaioyant 
stones with a play of Ught upon or in them, the moonstone, a 
species of nearly oolonrless and transparent felspar, ia one of 
tho most familiar. Its Ught is more diffused than that of the 
star-stones, and has a pearly whiteness. Moonstones may be 
very effectively combined with dark-colonred clear amethysts, 
tbe oontrast being not only of oolonr but of lustre. Tho stones 
caUod cats'-eyes arc of two species; one of them, tho more 
precious, is yeUow or yeUowish-green, hard, and shows a pale 
bluish lino of light when properly out; this is dne wholly to the 
optical struotare of tho crystal itself. Bnt in the oommoner 
variety wo merely have qnartz penetrated with fine fibres of 
asbestos, whioh catch and reflect the - light. There is one 
peculiarity of preoious stones whioh we cannot pass over, a 
property known as dichroism. A crystal which is greenish in 
one direction may appear rose-pink when seen in another. A 
ray of light is affected differently according to the direction in 
whioh it passes through the crystal, l^o tourmaline is an 
excellent example of this, a grass-green specimen of this stone 
appearing dark brown or even black when viewed along the 
principal axis of the crystal instead of across it. This, again, ia 
a quality of some natuial gems which cannot be imitated exactly 
in artificial mixtures. 

Wo may hero find occasion to introduce a word ot two 
concerning tho commoner sorts of ornamental and ooloured 
minerals, ranging from agates down to tinted building stones. 
There are two points of special importance connected with such 
materials. One of these points is the undesirability of mixing 
natural with artifioial materials in walls and pavements. It is 
very difficult to combine satisfactorily tiles and marbles. ^ There 
is a faint approach to transluoency in many marbles, whioh the 
dnU, dry, opaque aur&oe of unglaz^ tiles contraste unpleasantly 
with, and glazed tiles are coarsely ar ti fioial in their glosa Hien, 
again, we have, in the second place, to remind onr readers that 
marbles with natural vcinings and mottlings of oolonr do not allow 
of Bonlptured ornament. Your surface decoration in relief will 
interfere with Nature's prior decoration in oolonr. The wildness 
and abnost infinite variations ot the natural tones of brown in a 
pieoe of Derbyshire alabaster are broken up when its surface is 
diapered with a conventional. carved omiunent—the natnral 
piotoresquenesB and the artifidkl are inoongruons. A sorface in 
a tesseia of mottled or veined marble, or a piUar, displays its 
beauties, but in a sculptured capital of tho same material they 
are disfigured, while the light and shade of tho ornamental 
design do not oome out properly inline variegated matmaL 

There still remain for study among mineral products glass, 
porcelain, and pottery. Opaleeoenoe and iridosoeaoe, os wtil as 
sevatal other peouli^ties iaflneneing their oolour-eSeot, are 
aswBsvaiin a maasara .to-aoSae of all thsae ar tffi a ial pro- 
tes|s,,snd m vmf, tiurifoceigiwBp Asm together for eoasidera- 
tiea in .file aakt laiBOB. 
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TECHNICAL DKAWING.—XXXIV. On the wnntershirft (Pig. 345) there are 

DBAWIWQ FOB HACHIK18TS. A, ». » and a', b', tf, each drivep. by wpatate etM^e toni we 

whitwokth's 15-xkch sIaZDX-XiAthe. main shaft. The sets A and A run m opposite direotione, the 

Fia. 344 (a, h) repreaenta the heAdstoofc, alide-xeat, and paort of former for driving the lathe, and the latter for^reyerwBg^t; 

ia elevation. , and for thia pnrpoao it ia driven by a oiOMea wrap. The 



Hie me of a lathe ie to Vim iron or otiier materials into a pnlleys B, B, s', B* are all loose npon the shaft, sad &o lianip* 
obimlar e»»a p » , and it does this by oanaiBg tiie objeet hold forks, v sad can be moved by a vertioal rod (not ■bow^ or 
between Me centres, l h (Pi*. 344 [a]), to rotate againet a by the horisontsl bar in front of lattwbed, m shown by K*a 
eutter, r, held in the rest, a (Kg. 344 (>]. While the object 844 and 847, which will be given ia tie next leesoa. 
la,in motion the oatter ie made to al^ alcm*^latte-bed. Both straps m on loose pnlleye, a* the foitaareamngedta 
said so come egaintt new anrot p<ations of the object at every the drawing. Bat if may be moved to tae rig^t, wen one 
revolntion, and thns, ^ oontmaal^ removing the outer irre- be on toe feet p^ley, A, and the otoer on a loose polled W» 
gvler surface, a oylindxioat fom is ^ven to il ' consequently, the lathe will tun in its proper forward dueotom. 
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By Boring the foriki to the left hand, the orpsaed etrap drives botm the stnp-forks, so that a etnd upon the slide-rest shall 
tiie pulley V, and thus rsversas the lathe. This aitangement move the atiap upon a loose pulley, end stop the lathe before 
of pallejB is aeoeasary for outtii^ sorews, so as to run the tool any damage can take place from oontaot between the slide-rest 
ba^ without obanging the position of the threads of the guide- ai^ fixed headstook by the guide-screw overwinding. 




■new rhtsitively to those of the sorew which is being out by 
the lathe. 

By puttiag the etrap on any cone of the pulley c leading to 
the variatfons in speed may be readily obtained. 

in order to mahe tiie machinary siA-preserving from aoci- 
deett, 4 s^ is ^ed on the b« hi front of the kthe which 


Figs. 345 and 346.—The ooiiftershaft which drives the 
lathe and receives motion from the main shafting. 

Motion having been given to the oone-pulley a (Fig. 3^ [a],, 
which ■runs loose on its shaft, is oommnnioated to the large 
1 spuiNWlieel, B, by a key placed between them, and so tiie lathe- 
I ahaft is driven; or to prodnoe a alowar rate the key is re- 
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norad, and the seoond motioo, ot baok-yeanag’, brought into 
oae, and driven hy a pinion, c, attached to the hinder end of 
tbe oone-pnlle]'.' Another pinion on the eeoond eboft,' D (E^. 
348, vhi^ will olao be given in tiie next leeeon), drives the large 
whMl, B, BO a donble redaction of speed takes place. By the 
variation of speed due to the cones and back-gearing, eight 
different rates may be given to the lathe, and a suitable velocity 
imparted to any ^joct held between its oontres. 

At the back end of the lathe are a set of chonge-whools that 
give motion to the screw x, which runs along its whole length 
inside, and is protected by the bed. As their name impUes, 
these wheels can bo altered so as to give any desired speed to 
the travel of the tool r (Fig. 344 [b]), held in a sUdo-rest, a, 
and moved by the screw. By suitable proportions, threads of 
any pitch can be out by the tool; and each lathe of the kind 
illusttatod is provided with a complete set of toothed wheels, 
used either for riiding the rest slowly along, for turning shaft¬ 
ing, etc., or cutting screws of any usual pitch. 

The compound slide-rest, a, affords a moons of placing tbe 
tool in any relative position to the work in hand -. it consists of 
two V-slidos at right angles to each other, which may be worked 
either by hand or self-aoting arrangements, and a holder to 
cany the cutting took It is shown in front elevation at a 
(E^g. 344 [5]), and in side elevation at B (Fig. 348). Iho handle, 
1 (Fig. 344 [6]}, at the left-hand side, is for lowering or closing 
a nut upon the guide-screw, x (Fig. 344 [a] ), so as to put it in 
or out of action, without roforenco to t^ ohonge-whools being 
in gear or not, and so give motion to the slide-rest. 

A portion only of the bed is shown—its total length would be 
fifteen feet. The opposite end will bo given in Fig. 347, triiioh 
also illustrates the movable headetock. This contrivance is 
nothing more than a centre to carry one end of an object in a 
lathe, and capable of being fixed in any part of the bed by 
mews of the two nuts shown. The wheel K (Pig. 347) works 
on internal screw that advonees or draws back the oontre point, 
L. A looking-bolt, u, of which the end only is seen, holds the 
centre whenever required. 

The illustrations show a good example of a powerful slide 
and sorew-ontting lathe; it is strong and well-proportioned in 
all its parts, yet not heavier than is required to resist the 
strain of working and the vibration to which it is subjected. 


SANITARY ENGINEERING.—II. 

GAB-BUKNEBS, AND ECONOKY IN GAS CONSUMPTION. 
In our first paper we gave a general account of the manufacture 
of gas by public oompauies, the material employed, the prooesses 
to which it was subjeatod, and the method of its distribution. 
The gas being thus sa it were brought to our. door, or, to use 
tbe strictly technical phrase, “laid on,’’ we now proceed to 
consider the vazious meohonical appliances used in its consump¬ 
tion : of these the simplest is the jot. A nipple of cast-iron or 
some incombustible material—porcelain has been used with 
advantage—^is screwed on to the end of the pipe, the aperture 
through which the gas issues and is consumed being a small 
single perforation, which wo may call a pinhole. 

Wo next have what is in teohnioal phrase called the “ bats- 
'vmg” burner. In this, instead of the pinhole, the end of the 
nipple is first east solid, and then split, as wo may say, by a fine 
saw, the broad spread flame that issues from the opening thus 
mode giving its name to the humor from its fancied resem¬ 
blance to a bat’s wing; those are, each of them, though the 
amplest forma in use, extravagant in their oqnsnmption, as the 
direct escape given to the gas allows a certain xKirtton to pass 
through imperfectly consumed. They axe still UMd extensively 
in passages, workshops, and otiier inferior posHaons; the idea in 
the mind of the pubUo apparently being, that any cheap burner 
will do for these sitaations, whUe the aotnel faot is that the 
***** of gas burnt in proportion to ilie prioo given 

f<w the wnmer, entails a onrront expense whioh would repay 
tbe ooet of a better bumw many times over in the course of a 
week. l%ese bnmen also ^npidly corrode idie jpaesage for tbe 
gas, which beoomee gradually widened, and a atiu greater waste 
is the reenlt, 

The burner in inoet general use for ordineay purpoeee is the 
“Beb-tafl ’• .. it i. mdled, wUeb meybe^S^le best 
iwnet pareaad wlisnnbsdveatitio«isiitf oUasa^ps 


I or ariafidal dranght is availabis. In this bamw the ges oraneenii 
through two piiiholeB, inoHned towards eahh other at an aagle 
of abmt 60 degrees s the effhot of the prriMtoie being that ^ 
flame aesumea a fisl^taO, or, as it is mdled in sonie provmeial 
districts, a tulip form, and is thrown out on mther side at right 
angles to the converging delivery of the jots. 

These are the leading forms of simple burners. With their 
oombination in groups as oookspnr, flower, and otW lights, and 
more espoeially os to the employment of a group of fish-tails in 
the form of the enn-bnmer, wo shall deal at length in a subse¬ 
quent paper, and now proceed to take up the more oompUoated 
forma known generally under tbe name of “ ergand.’’ 

The term “ Argand ’’ is the name of the inventor, who in the 
year 1780 disoovered in the use of an oil lamp that a oironlar 
wiok open in the centre from below, and surrounded by a glass 
ohimnoy, gave on immense additional per-oentage of light over 
the ordinary methods then in use; and this prkioiplo is applied 
to the oonsomption of gas by the adoption of a hollow metal ring 
perforated on its upper surface with a number of minute holes 
through whioh the gas passes, the flames uaitiag into one onnulai 
light. The “ bade light’’ is a oonoentric series of similar rings; 
and there are on immense variety of different descriptions of this 
kind of burner, many of them the subject of patents for various 
improvements of detail: e.g., in some instanoes tbe burner is 
formed of a number of small tubes forming a ring, and with their 
points of issue slightly converging, while a bond in the glass 
ohimnoy ooours imme^tely above, so as to direct the dranght 
of air more immediately upon the flame; but the principio is 
always the same, the two important points whioh oontrol the 
supply being the size of the openings in the burner, and the 
length of the chimney: this last is a point which roquiros much 
attention, as if tbe chimney be too low tho draught is insufficient 
and tho oonsumption too slow; whUe if it be too high the oou- 
trary offoot takes place, and in either ease loss of light is tho 
result. 

These are tho ordinary desoriptions of burner in general 
nsc; and we now proceed to oonaidor tho principles involved in 
the economical consumption of goA. It is well understood that 
the larger in bulk the amount of any substance in oombustioa 
tho greater amount of heat and light ore obtained, and this pro- 
I>ottion may be termed geometrical and not arithmetical; for 
instanoe, a ton of ooaJiB burning in one body in a grate or fnmaoe 
win generate a far greater body of heat (and light is regulated 
by tho same law) than tho same quantify divided, say, into por¬ 
tions of one owt. each, and bnrued in twenty separate stoves. 

We may give as a practioal instance of tffis, as applied to the 
generation of light, onr ordinary lighfbouses. Tbe old-fashioned 
catoptrio light, as it was oailod, oonsisted of a group of argand 
burners, each wifh its separate reflector; when the dioptric 
system was introduoed—where one large eentral burner otdy is 
employed—^it was found that a large antiTiB.! saving in oil was 
effect^, tho light given being equal in amount. Tbe same prin¬ 
ciple appHos to all gas-burners, with tho addition of anothmr 
element, and that is voriatiem of the pressure of gas, whioh 
excroisoB a moat important influonoe, both on tho light axtd the 
consumption of tho gas. Wo state this as the result of actual 
experiment often repeated. Two fish-tail burners may be selected, 
one technically called a ITumber 3, a small size, and another a 
Number 6, a large size, the smaller size being supplied with gas 
at a high pressure, and tho larger one with gas at a low pressure, 
the matter being so regalatod, that in a given time, say an hour, 
each burner sh^ consume the some quantity of gas. The result 
has often been shown to be that the Hnmbw 6, the larger 
bnmer, at the lower pressure, gives dbuble the light ^ tho other,' 
each burning the same quantity of ges ; and the rule, therefore,*' 
is that the lower tho pressure at whioh 'the gas can be burned the 
more light trill be obtained in return for the quantify oonsumed. 
The most profitable point of a bnmer’s consumption—profitable 
in 'the sense of economy—is that at whioh it is just at the 
point of (but not actually) smoking. The lower, therefore, the 
pressure at which the gas can be delivered to the burner, tho 
mote eoonomioally vrill it be burnt. And we derive olao from 
thia another general ptinoiple, of much importance in lighting 
all areas of any aiae, snob os theatres, tihapala, oburobea, 
warshouMs, etc., sad that is, that one huge burner will give 
double, at lesst, the light of a number of aatall onM, even 
aupporing tto nuae ^laatity of gas is eoasum^ ia eadh use. 
Tm daimer of liaxiag too lii^ aa area for the ewtisaiffla of gim 
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bom tlw bnmar ii, tiuit is oue of an iaoreaae of preasoxe a 
cmti^ waite eiuiaei. tHiia has been the mbjeofc of mnob 
atteigitian to gaa eugiaeera, and hae led, many yeara ag^o, to the 
invention of gae regnlatote, whidh, like the bnrnere, have been 
the nbjeot of variona patente. The geneial principle npon 
which i^y ate aU oonetmoted ie to ma^ the preasnxe of the 
gaa itmlf the motive power whioh shall, by a lelf-aotiag process, 
control its own snpply. This object is attained by an inetm- 
ment oonatraotod aomething on the principle of a miniatore 
gaaometer, throngh whioh the gaa mnat pass when it leaves the 
meter and enters the soivioe<pipe8, the inverted tumbler or 
little bell of the regnlator being provided with a valve whioh 
oontrolB the exit of the gaa by opening and closing. A high 
preaanro Ufta the bell, duainiahea '^o opening df the valve, and 
redncea the supply of gae; a low proseare allows the bell to 
fall, thereby opening the valve and increasing it. They were 
made, when ^st invmted, to be used with water; but as they 
have to be fixed within the house, and the water becomes 
rapidly impregnated with gas, an offensive smoU was the result. 
Tl^ objection to their use, however, has been obviated of late 
years by ilie substitation of mercury (quicksilver) for tho water, 
whioh keeps the regulator air-tight, and yet allows its freedom 
of movement. Where tho pressure of gas is below the average, 
os in some low-lying districts, the regulator is not applicable; 
but in most cases, and certainly in all the higher pacts of 
London, tho force required to carry the gaa throngh the long 
series of pipes is ao great tl<at their adoption affects a great 
saving. They axe inexpensive maohinos, and have often been 
known to pay the cost of their introda(^on in the aaving of 
gas effected in the oonrse of a few months. Most of our readers 
have, nq donbt, notiood the flaring that often oomea on late at 
night, when the gaa ia being gradually turned off in the ahops, 
whioh noeessitatoB the “taming down” of the gaa several 
times perhaps in the oonrse of the evening; this is entirely 
controlled by the regnlator, whioh secures a regular supply to 
the burners, and neutralises the extra pressure thus occasioned. 

Farther, we may remsck that in many thousands of houses, 
by a careiful m-consideration of the sizes and proportions of the 
bamers required in tho various rooms, and t^ introduction of 
a regulator, a saving of 30 per oent. of gaa may bo easily 
effected. 

Our limits ore nearly reached; but wo will oonolude with a 
few words on tho removal of products of combustion where gas 
is latgdy employed—a point to which, from sanitary reasons, 
too much attention cannot be paid. This is aomotimeB effected, 
in the ease of single burners, by a bell-glass, from the top of 
which passes a pipe into the nearest flue—a very deairable 
method where practicable. The late Ihrofessor Faraday in¬ 
vented a l^rht in which an argand burner was entirely 
encased, chimney and all, in a largo glass globe, from which 
waa a pipe acting as a sort of flue; tho effect being that the 
products of combustion were removed, eithmr to a flue or tlio 
external tut, without mingling in the slightest degree with the 
atmosphere of the room. And there are many similar adapta¬ 
tions of this principle, which has been introduced, among other 
plaoee, at Marlborough House. Much the same effect ia at¬ 
tained by the modem introduction of the “ sun-burner,” whioh 
also acts as sn independent ventUator, removing the vitiatod 
air from the upper portion of the room. It ia, however, only 
applicable to oompacatiTely large areas, and will probably form 
the subject of one of our subsequent papers; while tho removal 
of gas produots wfll be dealt with at length under the head of 
ventilation generally. 

NOTABLE INVENTIONS AND INVENTORS. 

zm.—WIIiLIAH ZEE AND THE STOCEIKO-FBAME. 

. BT JOHN TIMB8. 

Thb earliest stookingB worn in England, by Henry VIII., 
were “ bloth hoae ” or yard-wide taffeta, except them come 
from Spain, by great ohanoe, a pair of silk atooldngB. Sueb is 
Howdl’s statteent; but th^ woollen atookingB were not only 
in use, but perhaps knit in this country, during the reign ^ 
Benry ViLl., seems pladed beyond doubt by this anthestio 
konsahold rasotd: “ 1533, 25 H. 8. 7 Sept.—^Peyd for 4 peyr 
of .lEpytbhqse, viiia.” As early ae th>|tbjrd year of Elisabeth 
nfb reftcl that qneen’s silkwoman preanriad to her najtsiy 


a pair of blade silk knit stookiagB made in Eogiaad, which 
pl^ed her ao much, that ahe would never wear any cloth hose 
afterwMrds; not only on aooonni of the daUeacy of the ariiolo 
itself, but &om a laudable desire to enoonrage new English 
manriaotuxe by her own example, and henceforth she wore no 
more cloth stockings. Soon sfter this (says Stow) William 
Bidor, an apprentice at London Bridge foot, opposite toe ohnreh 
of St. Magnus, seeing a pair of knit worsted stockings at an 
Italian morobant’s, brought from Mantua, borrowed them, and 
having made a pair like them, presented them to the Earl of 
Pembroke, which was tho first pair of worsted atookings knit 
in this eountry. 

The manufacture of stockings by too humble prooesa of knit¬ 
ting is, in striotneas, to be called “ chain weaving; ” for toe 
fubrio itself is actually produced by a series of linl™ or loops 
in a thread of worsted, cotton, or silk. In toe prooesa of knit¬ 
ting, still carried on to a small extent in seoluded oountiy 
districts, polished steel needles or wires are used to iinlr toe 
threads togolher into a series of loops, olosoly resembling in 
their charootor the loops prodnoed by tambouring. Bnt tois 
method whs almost entiroly superseded by toe ingenious stook- 
ing-frame, which, next to too common warp and weft loom, is 
too oldest machine in existence applicable to textile fabrios. 
It dates from almost immediately after toe introduorion of 
knit stockings, or from 1589, the thirty-first year of EUzabeth’a 
reign. 

In toe early history of the stocking-frame there is a strange 
confusion of persons, places, and dates, in the accounts given of 
the invention and tho inventor, which neither Beckmann nor 
any other inquirers have entirely succeoded in removing, nnless 
we implicitly believe the evidence of a painting which long 
hnng in Stocking Weavers’ Hall, Itedcross Street, Cripplogate, 
long since taken down. This picture oont^ed the portrait of 
a man in oollegiate costnmo, in toe aot of pointing to an iron 
stooking-frame, and addressing a woman who was Imitting with 
needles by band. The painting boro tho following inscription ; 
“ In too year 1589, toe ingenious William Lee, A.M., of St. 
John’s Collego, Cambridge, devised this profitable art for 
stockings (but being despised, went to Franco), yet of iron to 
himself, but to us and to others of gold: in momory of whom 
this is hero painted.” From Doering’s “ Account of Notting¬ 
ham,” it appears that William Leo (whoso name is sometimes 
written Lea) was bom at Woodborongb, a village about soven 
miles from Nottingham: bo is said to have boon heir to a 
good estate, and he was a graduate of St. John’s College, Cam¬ 
bridge. Tradition assigns toe origin of Lee’s invention to a 
piqno be had taken against a townswoman with whom ho waa 
in love, and who, it seems, slighted his passion. She got her 
livelihood by knitting stookingB, and with tho ungenerous 
object of depreciating her employment ho constructed tois 
frame, first working at it himself, then teaching his brother 
and other relations. Another account states that tho girl, 
daring his viriits, paid more attention to her work than to her 
lover, and he endeavoured to find out a machine which might 
facilitate and forward the operation of knitting, and by tois 
means afford more leisure to the object of his affeotions ta 
converse with him. Beokmonn, however, argues that a machinsi 
BO complex in its parts as toe stocking-frame, and so wonderful 
in its effects, would seem to require longer and greater zefloo- 
tion, more judgment, and more time and patience than could 
be expeoted in a lover. 

Another version of too story states that Lee was expelled 
the University for marrying contrary to toe statutes, ^ving 
no fortune, tho wife was obliged to contribute to their joint 
support by knitting, and Lee, while watching too motion of bis 
wife’s fingers, conceived how to imitate those movements by a 
machine. Both accounts agree that tho stooking-frame was 
invented by Leo. A writer in the Quarterly Review, however, 
observes : “ This painting might give rise to toe story of Leo’s 
having invented too matoine to facilitate too labour of knit- 
tmg, ia cousequenoo of falling in love with a young country 
girl, who, during his visits, was n^re attentive to her knitting 
toan his propos^; or toe stoxy/uay, perhaps, have suggested 
toe picture.” 

There is, however, another ohdmaat. Aaron Hill asorilw iho 
invention to a young Oxonian, who having married impru¬ 
dently, and having uotoing to snpport his wife but toe prodnoo 
of her knitting, invBntod tho stookittg-fiaine, sul thereby aoeu- 
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"hav.ieoi. 

tal MonhiTin for weaving Bilk etookiuge, eaid to hare been toe 
iarention of an Oxford scholar about forty years since ; ” thus 
placing the inrontiaii nuiny years later than the date of the 
pietnre in Stocking-'Weavers' Hall. Evelyn’s version is not a 
whit more exact than Hill’s, whidi Elmore has followed in his 
very clover pietnre, painted in 1847. 

Lee praotised his new invention some time at Calverston, 
B village about five miles from Nottingham, and he, or his 
'brother, is said to have worked for Queen Elizabeth. Another 
acoonnt states that Lee, finding himself neglected both by 
the queen and lier suocessor, James L, and mnoh annoyed by 
other stocking manufacturers bringing liis invention into dis¬ 
repute, transferred himself and his machines to Franco, where 
Henri lY., and his sagacious minister Sully, gave the inventor 
a welcome reception. Lee is 


said to have oarriod over nine 
journeymen and several looms 
to Bouen, in Normandy. Never¬ 
theless, Biter the assassination 
flf Henri, Leo shared in the 
porsocutiona suffered by the 
Froteatants, and is said to 
have died in great distress, 
of grief and diisappoiutment, 
in Faria. Seven of Lee’s work¬ 
men escaped to England, and 
with Lee’s apprentice, one 
Aston, established the stock¬ 
ing manufacture permanently 
in England. Aston, who had 
been a miller, added something 
to his master’s invention. Stow 
says that Leo not only manu¬ 
factured stockings in his frame, 
but “ waistcoats and divers 
other things.” 

In tlio year 1663, Cliaries 11. 
granted to tlie Framework 
Knitters’ (stocking - makers’) 

Society of London a chartei', 
which Cromwell had refused 
to thorn a few years before. 

In their petition, tiie maohino 
is described as consisting of 
2,000 parts, and making almost 
instantaneously 200 meshes. Six 
years afterwards, the number 
of stooking-fromes in England 
amounted to 700, employing 
1,200 workmen, of whom three- 
fifths made silk stockings, and 
the others worsted ; for cotton 
was not then ranked among 
English manufactures. By the 
year 1714 the number of 

frames had increased to 8,000 or 0,000. Our makers soon ex- | Stooking-fcamos with 

ported vast quantities of silk stockings to Italy, where they steam-power, have superseded the old unpromising engine, and 


THS STOCKnta-FKAUK. 


The head of the ooort eummons, dated 1777, is engraved from 
Lee’s pietnre, and from this plate is copied an engraving in the 
Oalleiy of the PmrtraitB of bventora in the Great Seal Fatent 
Office. The piotnre is thought to have passed, abont 1773, into 
the hands of an infinentisl member of tite Coi^ of Framework 
Knitters, who from time to time lent tite Company mon^y, as ' 
their books testify. (" Cnriosities of London,” find edit.) 

The common Btool^g-frame is a quadrangular arrangement 
of upright posts, oonneoted by cross pieces at the top, and 
having on one side the weaveFs seat. Near this is placed a 
series of curved needles, whiob serve as knitting needles in 
forming the loops, in number according to the ooarsenesB or 
fineness of the stocking. The stooking-frame has a series of 
vibrating levers, called lacks, which, aided by lother intricate 

apparatus, throw the stocking- 
yam into such corvatures as 
enable the needles to form the 
loops. The weaver has a hob- 
bin-yarn at one side of his 
frame, from which he nnwinds 
enough to lay across all' tiie 
wires. Ho then, by moving cer¬ 
tain treadles with his feet and 
lovers with his hands, forms 
this length of yarn into a row 
of loops; and at tile next move¬ 
ment, when forming another 
row of bends or loops, he links 
the one row into the other, so 
as to form a kind of chain, 
which chain, extending both 
lengthwise and across, consti¬ 
tutes the web of the stocking. 
One 'continuous thread forms 
both warp and weft; and as 
the thread is not by this opera¬ 
tion tied into knots, such as 
occur in making nets, the 
meshes arc loose; hut at the 
same time the web acquires a 
degree of elasticity which no 
other form of woven plexus 
presents. 

There are throe classes of 
operatives engaged in the mann- 
&«tare; the mnders, who put 
the eilk, cotton, or thread on 
the bobbins; the slocHngers, or 
framework-knUtcrs, who work 
the thread into a knitted fabric; 
and the seaniers. who make the 
stookings out of the pieces thus 
produced. Some of the frames 
are owned by the workmen, and 
Bomo aro lent out or routed, 
rotatory motion, and worked by. 



recommended os “right English.” By the year 1753, abont 
twenty years after the introdnotion of cotton stockings, the 
nnmber of frames in England was 14,000. Mr. Jedediah S^tt, 
cf Beli>eB, invented in the year. 1758 a machine for making 
ribbed stookings, whioh he patented; the patent was twice 
oontested, first by the honses of Derby, and then by those of 
Nottingham; but the validity of the patent being established, 
the inventor enjoyed it for fourteen years. The rib stooUng- 
ihune was one of the contrivances whioh led by gradual im- 
raovements to the net maohines. 

Here it he interestiug to trace the piotore of Lee and 
his wife, which appears to IMvo been parted with by the Frame¬ 
work Khitten* Company a^ period of peonniaiy embarrass¬ 
ment. Hr. Bennet Woodormt has oolleotod some psrtumlars 


effected very great economy. The working of a rotatory 
machine, impelled by steam, in whioh the new-fashioned stook- 
ingfs are mado at the same time, will require the snperintendenao 
of only one man and a boy; whereas, in the old frame, but one 
stocking could be made at onoe by a single workman. 

Loughborough is a chief seat of some manufactures of the 
best hosiery. Tho stooldnga known as Angola and Mermo are 
made on the principle of combining worsted with cotton in 
nearly equal proportions; and the peonliar featores of the best 
make are the close and intimate intermixture of the fibres of 
the wool and ootton. The separate materials ore first passed 
through a machine osUed a picker and blower, the object -of 
whioh is to dean and lighten it, so half on ounce would* 
fill a hoshel measure. They ore then carded together by 


^ the disposal of the piotore, in the hope that they may lead to ! oardiog maohines, port of each material being dyed blue or 
its recovery. In wUrii, dated 16OT, of plate, painti^s, etc., < black, and the intermixture is effected by the carding. It ia 
belonging to Ihe Company, is this item, “ Hr. Xise’a pietifire by next apnn of varions fin^esi by 'timnitlea and mutss, ai 
Balderaton.” It is describe also (n Hatton’s “ Load^” 1708. given oi^ to he woven. 


and then 
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FORTIFICATION.—VI. 

ST AK OVncEB OF THS BOXAL BiiaJSSBBB. 

TLAXK DSFENCS TOE EBDOUBTS. 

Tax obstacle offered by the ditch of a work, with the dimen¬ 
sions nsttoUy attainable) in the field, is so inconsiderable that it 
is of the greatest importance to provide some flanking defences 
for it, to increase the danger and difficulty of an assault. 

The arrangements for attaining this end, by moans of fire 
from the parapets, 
enable the defenders 
to take the storm¬ 
ing parties in flank 
while crossing the 
glacis, as well as 
when actnally in the 
ditch itself; but, on 
the other hand, it 
seems doubtful whe¬ 
ther this advantage 
is not more than 
counterbalanced by 
the attendant de¬ 
fects of increased 
length of parapet 
and liability to enfi¬ 
lade, which would 
probably cause the 
flank d^ence to be 
crippled at the very 

instwt it was most ; \ 

required, viz., the 
last moments of the 

To those reasons, 

of a redoubt is more 
capable of adapta- 
tion to irregular 
ground than t^t of 
a fort, is probably 
owing the oircum- 
stonoo that in al¬ 
most every instance 
when closed field¬ 
works have been 
employed of late ^3. 

years the former 
trace has been 
adopted— e.g., the 
Banish redoubts at 
Biippol, 1864; the 
double line of re¬ 
doubts round 
Vienna, 1866; and 
the works thrown 
up round Breeden 
by the Pmssiaus in 
the same year. In 
all these cases the 
works were traced 
rather with refor- 
•onoo to the direc- 
■tions in which offen¬ 
sive fire was required, and to the reciprocal flanking fire of the 
collateral works, than to any idea of their own flank defence; 
and in many coses the ditches wore altogether undefended. 

That such flank defences, however, ore still thought advisable 
by foreign as well as English engineers may bo seen from the 
fact ilmt in the works of this class at the Kussian intrenched 
camp in Finland the ditches are defended by kaponiers, and 
that they have been provided for in the approved type of hasty 
redoubt in the latest work on military engineering at Chatham. 

Flank defence for the ditches of redoubts is obtained b}' 
biding covered loopholed galleries in them in such positions 
while being well ecreened from thi( enemy’s distant fire, 
mtf thcgonghly command one if not two ditches (Pigs. 41, 42). 


j These are called kaponiers and reverse or oonntersoarp galleries,. 
I aooording to their position. Their actual construction is simple 
I enough, and yet from the fact that they are necessarily at the 
j bottom of the ditch, and that their roofs are covered with 
earth, it follows that they cannot be begun nntil the ditches are 
I nearly finished, and that some of the earth will have to be moved 
I twice; oonsequontly, when the works are hastily thrown np it 
' will often be impossible to got those buildings oonstruoted, 
i however desirable and even necessary it may be to do so. 

In some cases. 


Fig. 41. 
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In some cases, 
when the skilled 
labour of sappers is 
available, time may 
bo saved by laying 
the roofing beams 
on tho ground in the 
ditch at the required 
level, and then em¬ 
ploying a doable set 
of workmen, one 
excavating the earth 
tiitdor the beams to 
form the interior of 
the gallery, while 
tho other excavates 

. the ditch, and forms 

the roof with the 

r earth thrown out. 

In this case of 
course tho sides of 
tho gallery ore of 
earth, but as a rule 
tho side and front 
walls aro con¬ 
structed of stoccado 
work, roofed in with 
thick booms of wood, 
covered by a snffi- 

- . oiont thickness of 

_ earth, usually from 

throe to five feet 
(Figs. 42 and 44). 

A kaponier is a 
loopholed building 
projecting from tho 
escarp across tho 
ditch; and, in order 
to obtain as much 
fire as possible from 
it, tho length of its 
sides should bo tho 
full width of tho 
ditch; but as tho 
roof would then af¬ 
ford a ready mcana 
of entering tho work, 
the ditches at these 
Iioints ore carried 
round the end of 
tho kaponier to pre¬ 
vent this. There is 
usually a covered 
passage leading 
from the interior 
of the work to tho 
kaponior, to enable its garrison to be reinforced, and which 
enables them to retire to assist tho defence elsewhere when no 
longer required at thoir post. 

Kaponiers in permanent works are largo casemated masonry 
buildings, mounting one or two tiers of guns; btit in field-works 
they are only constructed of timber, yid consequently aro liablo 
to bo destroyed by tho enemy’s pitojnng fire, unless the root is 
sunk well below the crest of tho gkmis. To do this, and at the 
same timo retain sufficient thicknma of roof and head-room for 
the defenders inside, it is in mdmy cases necessary to sink tho 
floor bejow the level of the bottom of the ditch. This brings 
tho loopholes close to the ground, and exposes as little os 
possiblo of the stoccods timbers, but hoa the disadvantage of 


Fig. 43. 
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I>eiii 7 liable to bo flooded in wet weather ; and, morooror, tho 
loi^holoa, if Tery low down, may be masked and rendered use¬ 
less by the earth dislodged from the esoarp by the explosion of 
the enemy^s shells forminj; moands in the ditoh. 

Bererse or counterscarp galleries ore similar in construction 
to kaponiors, but ore placed nnder the glacis, their front waU 
being the conntorsoarp of the ditoh (Fig. 43). Tht^ have the 
-advantage of being more soenre from the enemy's fire, but have 
no means of communicating or receiving assistance during the 
fight, and tho retreat of thoir defenders would inevitably be cut 
•off should the enemy gain possession of tho works. 

It must be understood that in permanent works where this 

method of 
flank defence 
is adopted, 
this latter de¬ 
fect does not 
exist, 08 a pas¬ 
sage is usually 
oonstrncted 
under the * 
ditoh commu¬ 
nicating with 
tho interior of 
the inner 
work. 

In redoubts 

•whoso ditches are twelve or thirteen foot below the crest of 
tho glacis, it is not necessary to sink tlie floor of the counter- 
aoifrp gallory below tho level of the ditch, as that height is 
.sufficient to admit of seven feet head-way inside, as well as a 
thiokness of roof of five foot (Fig. 44). To protect the timbers 
of tho front of the gallery from tho splinters of shells bursting 
near them in the ditoh, a small excavation should be made at 
the bottom of tlio ditch, and the earth from it piled against 
them as high os the bottom of tho loopholes (Fig. 44). This 
excavation, if provided with pointed stakes, will assist the de¬ 
fence, by proTontiiig the enemy from closing with tho loop¬ 
holes from ontsido. 

Tho position of those defences with roforenco to -the dirootion 
of tho enemy's fire is very important, and can only be deter¬ 
mined by the spooifil oonditions of each case. Field-works, even 
when closed, and therefore capable of resistanoe in any direction, 
are really always part of some general line of defence against 
an enemy advancing in certain known dbreotions; the sides, 
therefore, most lialde to attack can generally be determined on 
when the plans for tho work are drawn np, and tho kaponiers 

or galleries 
placed aocord- 
ingly. The 
aooompany- 
ing diagrams 
(Figs. 45 and 
46) show the 
way in which 
either of these 
types of do- 
fonoe may bo 
applied toflank 
the ditches of 

ua ordinary pentagonal redoubt; but it is by no means necessary 
that the whole of the ditches need be flanked in the same manner, 
a, combination of the two being frequently advisable. 

Tho defence of a field-work may bo rendered more obstinate 
l>y the construction of a small oeutral work within it, which 
ia capable of being defended after tho main work has fallen. 
Such a work is called a redv/it, and may be either a smiill 
•earthen redoubt or a loopholed building, with a bomb-proof 
jroof abediar in ooustruction to a kaponier. In tho former 
case the parapet of the rodnit shonld be somewhat higher 
than the outer work, to vrovont the enemy from seeing into 
it wbea standing on psupet of the main work; but in tlie 
latter tiie blook-honso (as suoL a redoit is called) should bo os low 
os possible, to protect toe vralllMrom fire, while its loopholes com¬ 
mand the whole interior of tho^ main work. Bednits are nsefnl 
in affording protection to the stores and reservee of the garri¬ 
son, and either aontaln or (if block-houses) are themselves the 
^bartabks for toe troopM. Bkhdti of penaaont forte are large 




oosomated bnildings, placed near toe gorge of the works, and 
containing the principal magazines. They also communicate 
directly -with the kaponiers and gaUeries of toe outer work, and 
have generally ditches and flank defence of their own. 


FARMING AND FARMING ECONOMY—I. 

By Fxofeaaor Wbiohtsoii, Boyal Agricultaral College, Cirencester. 

KuBAii economy has from the earliest times been divided into 
agrioulturo proper [agricultwra) and the management of stock. 
( 2 >astio); the ^st having reference to the estivation of toe 
ground for crops, and the second to the pastoral oooupations of 
breeding and rearing oattlo. In treating of farming and farm¬ 
ing economy, however, we ahall find that on the greater nnmbor 
of farms those two branches are nnitod, giving rise to what is 
oouvoniontly named “ mixed husbandry.” Undpr the oommon 
name of “agrioulture” the management of both “stock” and 
“ crop'' is nsually inoluded, and both olossea of produce Will 
occupy our attention in the following series. The importonoe 
of this art is most thoroughly seen when we reflect upon its 
universality, the many forms in which it meets us throughout 
the world, and its dlroot and indiroot oSeets upon toe well- 
boing of -the human race. Tho oultnre of plants and domestica¬ 
tion of animals render the necessaries of life abundant, and a 
large population possible. The more, indeed, we rofloot upon 
agriculture, tho clearer do wo see its vast imjiortance. We 
reoQgniBO in it the underlying tissue binding the members of a 
nation into one; tho sonreu of food, of clothing, and of luxuries; 
and an employment for the greater part of tho human race. It 
is with such a subject wo have now to deal, and at tho outset 
it would bo well to settle how wo may best consider it. In too 
first place, we must restrict onrselvos to English, or at most to 
British farming, and that principally of our own time. Such 
attention wo must give to tho history of tho art as will bo 
necessary to make our own customs and notions intelligible; 
and in bestowing it wo shall see that while generation after 
generation havo profited by a long experienoo, they have also 
handed down to us obsolete ideas which to this day shackle ns. 

The history of agriculture appears -to have been affected by 
throe distinct but parallel infinonoes. First, the law of landed 
property, rendering tho owning and holding of land pos¬ 
sible, conferring power npon the owner, and greater or loss 
security npon his dependants. Secondly, the ancnmulated expe¬ 
rience of the art, aided from without by other hronohes of 
knowledge. Lastly, we havo the influence of the gro'wth aronnd 
agriculture of numerous industries formerly unknown, in turn 
checking or encroaching upon it, or stimulating it by home and 
foreign competition of various kinds to fresh exertions. We 
shall glance briefly at tho first two classes of oanses ; but the 
last extends over too wide and varied a field for present oon- 
sidoration. 

Tho most casual observer of the eoonomical condition of land 
as a property in this oountiy -will note that for toe most part 
it exists as large estates owned by onr aristooracy and gentry, 
and farmed by tenants removable at toe will of the owner, or, 
more striotly, superior tenant, commonly called owner. Lastly, 
there is toe labourer, on whom ultimately faUs the burden of 
actually cultivating the land and seonring its produce. The 
“owner” is entitled to rent, “which implies a return in service, 
oom, cattle, and money from the land demised” (Bayldon). 
He also retiiina the right of re-entry, after legal notioe, and 
certain rights as to woods, mines, game, etc., which need not 
now detain ns. The tenant, usually termed toe “farmer,” ie,* 
under certain restriotions or limitations, allowed to apply hiso 
capital in onltivating the land, and is entitled to toe surplus 
profits, after rent and other burdens have been paid. He has, 
however, too frequently no permanent interest in the land, and ' 
is liable to eviction at six months’ notioe from the landlo)^ or 
his agent. The labonrer has no legal interest in the land, but 
is entirely dependent npon the farmer, for whom he worlm at 
weekly or daily wages. 

To this threefold system of landlord, tenant, and labourer, 
the term “ fanning ” properly belongs. This ward is now for 
toe most part used to denote toe oooupation of agrioaltuie, and 
toe estate or land itself is •oanally spoken of as a “ form.” The 
ooonpations of agricsitnre and teming are, however, m* 
means synonymous terms, ainoe faxminff presapposes:^ 
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meat of rant, and involres tenancy. “ Farm, or feorme,” writes 
Bayldon, in his “ Bents and Tillages,” “ is an old ISoxon w^rd, 
sig^fying ‘provisions,’ because anciently the rents were paid in 
pinnae, and were altered by the introduction of money. A 
farmer, w jirmariius, was one who held hie lands upon paying 
a rent, or feorme.” When a landlord oultivates his own pro- 
porfy he is not strictly speaking a farmer, although in ordinary 
language he may be so designated ; and, again, by the payment 
of a fixed rent or share in the profits, the farming system has 
been introdooed into mining, tax>collectiug, and other ocoupo- 
tiona altogether unconnected with the oultivation of the soil. 
The agrionltnre of this country is for the most part carried on 
by a system of farming or hiring—a system springing naturally 
from '^e great extent of landed estates which could not weU be 
cultivated by their owners, and ore therefore lot to tenants. 
How far the system of tenant-farming is the best for the land 
and the oommunity is a question upon which much may be 
said; but wo may safely conclude that it is the only system 
compatible with the largo estates into which hlngland is divided, 
and that it has many solid advantages. To the landlord it 
gives an assured rovenno, and to tlio tenant it offers a fair 
profit upon capital invested. The labourer is, however, loss 
fortunate, and thoro is reason for thinking that the system of 
letting land places him in an unsatisfactory position; the tenant 
soarooly having a sufficiently permanent interest in the land to 
warrant him in expending capitivl on labourers, while the land¬ 
lord, so long as his rent is paid, has no direct or pressing reason 
for attending to Ids re(}uirumonts. 

Familiar as our system of landowning and hiring is, it had a 
eommeueement and rise wliioh may bu traced with the aid of 
history. In the fourteenth century troeus are mot with of an 
older system of landed property, which at that time Jiad well 
nigh disappeared. Wo refer to the old Teutonic “mark,” or 
“township,” with its throe constituent parts—“the‘common 
mark ’ (the/olc-Zandof the Anglo-Saxons), owned jointly by the 
community ; secondly, the ‘ arable mark ’ (Jehlmnrk), cut out 
of the common mark, and apportioned in equal lots to the 
members of tho community (the Anglo-Saxon hoc-land ); and, 
lastly, the ‘ mark of the. township ’ (dor/, lluny, villa), also 
divid^ into individual lots, and individually appropriated.”* 

This primitive distribution of land had at the jioriod speci¬ 
fied beasod, and tho lord of the manor had obtained an over- 
lordship or suzerainty over those who hod formerly been his 
eqnolB. Thus, according to Professor Bogers, in tho thirteenth 
and fourteenth centuries “tho parish or manor was divided into 
four portions. First, tho lord held, together with his feudal 
rights over the whole, except the glebe of tho parson or impro¬ 
priator, a demesne, which ho cnltivatod by his bailiff ; secondly, 
there were the small estates possessed by tho freeholders, who 
paid quit-rents; thirdly, there wore the tenements and lands of 
viUanns, hordarii, or eotarii; and, lastly, tho waste or common, 
over wbicAi all tenants had right of posture, and sometimes of 
turf/’ The freeholder was, in fact, a fanner at a perpetual 
leaaeMSnd is the pradeoessor of tho freeholders of the present 
day, who still pay quit-rents to tho lord of tho manor. Next, 
and below the free tenants in rank, ore the nativi, or villcmut, 
and the eoterelli, or cotarii, holding their tenancies at agrioul- 
tnial servioes, these sorviees being commutablo.for speoifled 
stuns of money. The position of tho villain was servile, and in 
many respects unfortunate. They are tho forernnners, not of 
tenant-farmers, but of copyholders, and could not readily be 
evicted by their lords at tho time before us. 

. Previous to this time, as already stated, the lord’s demesne 
been onltivated by means of a bailiff, a custom generally 
disQontinnod after the Plague, which first devastated the 
oonntiy in 1848. Professor i^gers states that Merton College, 
Oxford, lot their estate at Ibstono, in 1300, for tliirty-five years, 
and that after the Plague most of the college estates wore let; 
also, that about the year 1381 the leasing of land became 
ffenetal. At this time tho freeholder hold an independent and 
88fe position, and oven the copyholder, or tenant in villenage, 
was a permanent tenant, whose land could not be ontored-4y tho 
lord. We may therefore fairly date tiio custom of lotting land, 
Wid the rise of the important body of tenant-farmers, from the 
eommenooment and middle of the fourteenth century. 

TOBss of peasant proprietors, o^mpriaing socage and 
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villain, or free and copyhold tenants, has been steadily absorbed 
by the purchase of their lands by the great landowners, so that 
at the present day they have, as a class, almost disappeared; 
and in the place of tho lord of the demesne cultivating his 
own estate through his bailiff*, and surrounded by a more or 
less free tenantry, we have tho modem economy of landlord, 
tenant, and labourer. 

In contrasting modem farming with the cultivation of tho 
thirteenth and fourteenth centuries, wo become conscious of the 
immense improvement which has gradually taken place. At 
that early date wheat, barley, oats, rye, beans, peas, vetches, etc., 
were all in ordinary oultivation, and the usual domestic animals 
were present as live stock, ’l^ere is also an nnexpooted nni- 
formity of management or practice in estates far remote from 
each other, which suggests a freer means of communication 
between various ports of tho (fcuntry than might have been 
supposed to exist. Itoot-crops were, however, unknown, and 
winter feeding of stock was therefore impossible. Tho so-called 
“ artificial ” grosses and clovers (soods) had not yet appeared; 
implements wore mdc, and manure was sparingly employed. 
The imperfect method of cultivation is best shown by tho small 
return in proportion to the seed sown. The amount of seed 
approximated to that now used by many farmers—namely, two 
bushels of wheat, rye, boons, peas, and vetches, and about four 
bushels of barley, bere, and oats. ’The records of Merton 
OoUego, Oxford, which have been so ably edited by Professor 
Bogers, supply exact information as to tho yield of grain upon 
various estates during the season 1333-4. “ Wheat at Maldon 

rotums about four times the seed; at Leatherhoad, less than 
three; at Farley, less than four; at Cambridge, about four ; at 
Wolford, more than eight times; at Cuxiiam, about four and a 
half times; at Holywell, nearly eight times; at Bosiugstoke, 
abont three times tho quantity sown.” An average crop of 
wheat ut the present day iios been variously cstitoated, but 
twenty-eight bushels per acre is probably very nearly correct 
over the whole of England, white thirty bushels is commonly 
looked upon as a fair crop. Wo see, then, that modern culture 
has greatly increased the amount of produce per acre in the 
case of wheat, and the same is true with regard to other crops. 

In tracing the history of the various improvomonts intro¬ 
duced into British agriculture wo shall do little more tlian 
indicate the i>oriod at which they occurred. ‘ ‘ Croat clover,’ ’ and 
probably turnips, were introduced by Sir Bichard Weston, about 
1645. In tho third edition of Blythe's “Improver Improved” 
(1662), both clover and turnips ore noticed, and a considerable 
share of attention is bestowod upon drainage and other improve¬ 
ments. In Hanghton’s “ Collections on Husbandry and Trade,” 
a periodical oommoneed in 1681, occurs the first notice of sheep 
being fed upon turnips upon tho land. It was about this time 
that the potato began to attract the attention of agriculturists, 
although previously known as a garden vegetable. At tlio 
beginning of the eighteenth century, clover and rye-grass appear 
to have been sown together, and cut as green food; and at this 
period Jethro Tull perfected his system of drill hnsbandiy and 
horse-hoeing. Turnip husbandry also appears to have greatly 
extended in the middle and towards the close of tho lust century, 
thus preparing the way for tho maintenance of tho improved 
races of domestio animals now about to appear. Abont the 
year 1755, Bobert Bakewell, of Ixraghborough, Leicestershire, 
turned his attention to sheep and cattle breeding, and intro¬ 
duced tho famous Loiucstor or Bishley sheep, and the “long¬ 
horn” race of oattlc. Subsequently Charles Culling (formerly 
a pupil of Bakewell) and his brother Bobert brought out tho 
oolebratod short-horn race, by improving tho native cattle of 
North Yorkshire and South Durham (the Tooswator brcwl) by 
ooroful soleotion. nio present century has been remarkable 
in the progress of agrioulturo. It is during this period that 
agricultural societies have been founded, ond have arisen to 
their present importance; that agricultural colleges liave been 
ox>oned, tliat steam lias been applied to oultivation and thrash¬ 
ing, that chemistry has revealed th« true nature of foods aiid 
fortUisors, and that a steady impr^emont has taken idaco in 
live stock and cultivated plants. ^ 

For fuller information on tho e/povo interesting iximta relating 
to anoiont agricultural customs the reader is referred to Pro¬ 
fessor Bbgers’ “ History of Agriculture and Prioos ” (Clarendon 
Preu, Oxford), and Maine’s “ Village CoauunnitieB in the East 
and West " (John Murtay). 
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OBJECT DRAWING.—III. 

11 repieBonts a onbo placed on the left eide of tbo speo* 
tator; and on this onbe reata a eqnare pyramid. 

Having already given the elementary ptincipleti on which the 
view of &e onbe is baaed, it ia only neceaaary here to refer to 
the pyramid which ie drawn separately in Fig. 12. 

Lrt A B be the side of the base of the objort. From A and b 
draw lines to the point of sight; and it will be clear that 
portions of these lines will bo the sides of the square, which, 
being at right angles to the plane of the picture, converge to 
the point of sight. 

The lino c o will give tho bock lino of the figure, which 
tiiuB represents tho “plan ” of tho pyramid, or '&e piece of 
ground on which it stands. 

The exact position of the apex or point is next to bo con- 
sidorod. Now, although in the more elevation (that is, the 
view in which only tho front of the object would bo shown) the 
apex would be immediately over s, the middle of tho baab of the 
isosoelea triangle, this is not tho case when tho eye is moved 
towards hither side of tho object j for it must bo remembered 
ihsrt: tho apox is not over tho middle of tho side, but over the 
middle of the square forming the base. 


Fig. 11 is only over the intersection. of the diagonals of the 
cube, because the pyramid is placed so that tho edges of its 
base correspond exactly with the edges of the top of the cube. 
Other ciroumstancoB will be oonsidored in future lessons. 

¥1g. 14 is a onbe on which rests a pyramid, tho apex of 
which is not over the centre of the top of the cube. &i>ving 
sketched tho cube as in former lessons, draw tho line A B repre¬ 
senting tho front edge of the base of the pyramid. 

As the pyramid is to bo represented as if moved forwa^, this 
line must of course be drawn in front of c D, the edge of the 
cube, and although it would in reality be the same length, it 
must be longer than o d, being, in fact, the most prominent 
lino in tl>e picture. You will understand this if you refer to the 
out in Lesson I, in which B B reprosonts tho line on which the 
picture-plane stands, 

Kow, if you place such a plane in front of the present subjeot, 
and gradually move it nearer and nearer to it,'tbe first port at 
which it would touch would bo tho lino A B. 

From A and b draw linos to tlio point of sight; for although 
tho pyramid has boon moved sideways and forward, its edges 
have been kept parallol to those of the cube, and tho lines A B 
and B V in the model oro at right anglos to the piano of tho 
pioturo. Koxt draw tho line e f, which complotos tho base of 



Therefore, having sketched tho figure a c b b, draw diagonals 
tho intersection of which, K, will clearly give the centre of the 
base. On this point erect a perpendicular; mark on it the 
apparent height r, and draw r a, f b, f d ; the line F c may 
be lightly drawn, which will gp^o a transparent appearance to 
tho ^wing. 

Having thus studied both tho objects of which Fig. 11 is 
oomposed, it will bo a comparativoly easy task to draw tho two 
when combined. 

Draw tlio cube as already shown, and as tho base of tho 
pyramid in tho present case oorrosponds in size with tho sides 
of the onbe, draw diagonals in the upper surface, and, as in 
Fig. 12, erect a perpendicular on whidb tlie apparent height is 
to be marked; the object (Fig. 11) is '(hen to bo completed as 
baforo. 

The student is advised in most oases to sketch the objeots 
u if transparent. These interior linos may, of course, be 
rubbed out before shading; but they will bo a groat guide in 
testing the oorreotness of tho general form, and will materially 
aasist in finding the dista^ points of the figure and tho posi¬ 
tion of the ol^eots in rolatnin to eaoh other. 

Fig. 13 is ^e same view^prosenting the objeet when re¬ 
moved from the immediate foAground. In this view the object 
is supposed to have moved backward in a direct line from Fig. 
11, as if guided by a tramway; the student vrill thus'be able 
4o aooount for the diminution in ska. 

It must be pointed out, that the apex of the pyramid'-in 


the pyramid. In the quadrilatersl A b f b draw diagonals; at 
their iutorseotion erect a perpondioular equal to the apparent 
height, a, of the object; and finally draw a a, o b, o x, a F. 

Fig. 15.—This is a cube resting on one of its edges, whilst 
another touches the cube, Fig. 14. 

How it is necessary to bear in Tnind, that although this onbe 
rests on one edge only, the plane of the side if b' o' d' is 
parallel to tho picture. To prove that this is so, place the cube, 
in tho first instance, on one of its sides, the face i! h c d being 
parallol to tho picture, os in Fig. 14 ; raise tho object at 6, untH 
the edge d rests against the side of the cube (Fig. 15 at It 
will then be evident that tho object has merely rotated on A. 
from left to right, but that the surface romains parallel to thq, 
picture-plane os before. 

'The shape of the front therefore remainB unaltered—a perfect 
sqnare—^but resting on tho angle a' instead of on the side a' b. 

To draw this object, draw '^e line if s', carefully observing 
(1) that it must be of tho length of tho side of the onbe (Fig. 
15), the onbes being equal, and (2) that it slants in the degree 
required; the line if d' forms the hypothenuse of the right- 
angled triangle if s d', and by comparing the angles at if imd 
i>' in your drawing with those formed by tho meeting of the two 
models, you will soon discover whether the cube is sufficiently 
indined. 

Ob a' d' draw the %|nare A' B* o' o', which will give the face 
of the onbe in the position required. * 

Reverting to the originsl onbe drawn in dots, it will be seen 
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that the edges b h' and e &, being at ri^t angles to the plotoro, 
uonveige to the point of sight, a^this will still be the ease, for 
^ongh the edges of the cube have altezed in position, they have 
not altered in direction, but still ran directly from the fore¬ 
ground into 
the distonoe 
at right 
angles to 
the plane of 
the piotnre. 

Therefore 
from a', s', o', 
a' draw lines 
to the point 
of sight. 

The line 
drawn from 
d' will cut 
the distant 
perpendionlar 
of Fig. 14 in 
s', and as the 
cubes are 
eqnal, this 
will deter¬ 
mine the 
depth of the 
distant sides; 
therefore 
from s' draw 
a line parallel 
to d'a', cut¬ 
ting a line 
drawn from a'a 
to the point 
of sight in T. Q 
Also from s' ‘ 
drawa lino pa¬ 
rallel to d' o', 
cutting a line 
drawn from c 
to the point 
of sight in E. 

From T draw 
a line parollci 
to a' b', cut¬ 
ting a line 
drawn from b' 
to tile point 
of sight in a. 

Draw o h, 
whi'oh will 
complete the 
object. 

Fig. 16.— 

This figure is 
composed of 
four equal 
blocks, or 
solid oblongs; 

^eyore equal 
in lengtii, and 
^sinoe they are 
'not mitred at 
*the angles, 
the figure 
they form is 
not a sqnBxe. 

To make tiiis 
clear, let ns 
suppose that 
the blocks are 

13 inches long, and that their thickness is 3 X 2 inohes, and that 
they are aU resting on the side, which is 2 Inches wide. Now, 
placed os they are in the group, A will be 12 inches long, wl^st 
end of each of the blocks b and c, nlaoed at the side, is 2 
iEc^. Urns the width of the front will De 16 inohes, whilst the 
length uf the side s is only 12 inohes, the length of the block. 


Fig. 18. 



Fig. 19. 


In beginning to draw the object thus formed, sketch the entire 
front, oamfolly obserring the proportion of the blocks. 

Next draw the view of the upper surface of the whole object, 
treating it as a complete block. This satfhee, it will bo remem¬ 
bered, must 
not be as wide 
as if the figure 
to bo repre¬ 
sented were 
a square; the 
side D is then 
to bo added. 

Now from 
hand c draw 
linos to the 
point of sight, 
in order to 
represent the 
inner edges of 
the two side 
blocks. If 
the object 
were a square, 
diagonals 
would now 
be drawn in 
the complete 
quadrilateral 
representing 
the top, and 
the points 
whore b and 
e out ' these 
would giro 
the positions 
of the corre- 
sp onding 
lines of the 
two blocks 
which are 
parallel to the 
picture. This 
has already 
boon referred 
to in prerions 
lessons, and 
will be further 
shown pre¬ 
sently. 

TMs me¬ 
thod would 
not hold good 
in reference 
toon oblong, 
for it will be 
seen on refe¬ 
rence to Fig. 
17, that when 
the four 
pieces are 
placed as in 
the {TEmp, 
the points a, 
h, e, d do not 
fall in the dia¬ 
gonals. 

In object 
drawing, 
theroforo, the 
student will, 
in this case, 
be called 

upon to exorcise bis judgment^ to the width of e and f. 
It may, however, guide him to hg reminded, that in MO present 
view the width from front to Imok is oonsidembly dimmishM. 
The width from left to right retains its true dimensions to 
the front, and is but slightly decreased at the ba<*. It will 
be clear, then, that the width of e must be rendered less thaft 
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iSiftt of h and e, and that/, being in tbe diatanoe, nuut be atiU 
foitiier dimiiiiebed. 

From g draw a line to tbe point of sight, and from h draw a 
perpendiontar. This will give tbe point i. Then draw a similar 
line from j to the x)oint of sight, and a perpendicnlar from k. 
TUs, again, will give the point I, and as Ic I is the angle at 
wbub the back and right side meet, the line k I should bo equal 
to-hi, and thns a horizontal line drawn from i should meet 1. 
!]%e rest of the lines required to oomplete the transparent ap- | 
pearonco of the drawing are now to be added; this is neoessary 
since the onbe is to bo placed in tbe middle of the vacant 
space, and it is important to know its position, for if the front 
line of the base of the oubo wore placed too far bock, it will be 
clear the cube could not stand in the space, nor can the height 
of an objeot which is partially hidden bo truly ascertained, 
nnlesB the obstacles which obstroct the complete view are ima¬ 
gined to be transparent, so that tho whole object may bo 
sketched in. 

The plan of the cube is now to bo sketched in the spaoo 
il mn, obsorving'that there must bo a clear space left all round 
it, the width on tho right and loft side being more than tliat at 
the front and back. Tho square for the front is then to be 
drawn, and the whole oubo will then bo easily completed. 

Fig. 18.—An oblong block, tho ends of which are square, 
stands on the cube. The height of tho block hero represented 
is 12 inches, its width being 4 inches. Tho top of the cube is 
6 inches, and thus in tho model a margin of 1 inch is loft all 
round. Tho method of rendering this in a <lrawing has boon 
before alluded to, but is hero given as a separate study, in order 
that it may bo more clearly understood. 

Lot A B D o (Fig. 19) bo a square in which a smaller square, 
X F H O, is inscribed. It will be seen that the angles of the 
inner square are on the diagonals of the outer one. 

Now, in making a i^erspoctivo sketch of tliis figure, draw tho 
line a b (Fig. 20) equal to A B, and having drawn lines to tho 
point of sight, draw the book line of tho fignre, r d. 

Through the points K, O and F, H (Fig. 19) draw linos meet¬ 
ing A B in I and j. From a and 6 (fig. 20) set off a i and b j, 
eqnal to A 1 and b j in the proviona figure ; then from i and j 
draw lines to the point of sight, which, cutting the diagonals in 
c, g and /, h, will giro tho points of tho smaller square. 

This method is then to bo applied in tho upper surface of the 
onbe in Fig. 16, and porpondionlara having been drawn from 
the angles of tho inner square, the oblong block may bo com¬ 
pleted. 

A pyramid is now to Ims placed upon this group, tho base of 
which is larger than tho end of Uio block on which it stands. 
Tbe lines formmg tho base of this pyramid being parallel to 
tho edges of tho tup of the cubical block, the diagonals will 
ooincido. 

Now let us imagine e/g h in Fig. 20 to represent tho top of 
the oblong block. 

Draw diagonals, and produce thorn beyond tbo angles of the 
fignre. Thou draw the lino a 2) at suoh a distance in front of 
ef as may bo required. From a, and h draw linos to tho point of 
sight, cutting the prodnood diagonals in c and d. Join c d, and 
this will complete the figure. 

In the present study, tho baso of the pyramid is eqnal to tho 
top of tho oubo; therefore, when tho ^agonals of the top of 
thu oblong block have boon produced, perpendiculars raised 
from the angles of tho cube, as shown in tho figure, will givo 
tho points to which tho lines ate to bo drawn. Tho cube and 
pyramid are those shewn in Fig. II, in which it will bo seen 
that the one exactly covers the other; therefore it will bo evi¬ 
dent that when tho pyramid is raised, so long os the udgea 
are kept parallel to those of tho top of tho enbo, the angles 
of the upper objeot must bo immediately over those of the 
lower one. 

A perpendicular is now to bo raised on tho intersootiou of tho 
diagonals ; and on this the a|wx of tbe pyramid is to bo fixed, 
lines drawn from this point to the angle of the baso will com¬ 
plete the object. . 

For oonvenienco of refA;moo tho onolosuro of blocks, tho 
cube, upr^rht oblong bloel^and surmounting pyramid, have 
been considered as forming figures numbered roS{ioct)vuly 
Figs. 16 and 18. It will be useful for the pupil to study and 
make drawings of these figures separately as wdl ba in cumbi- 
pation. In either case the same method most be puisned. 


SEATS OF INDUSTRY.—Xai. 

nUNDEH.—II., 

BT WILLIAH WATT WSBSTEB. 

Thk story of the introduction of jute into manufaotureB is, 
perhaps, the most interesting episode in the industrial history 
of Dundee, which has almost monopolised tho working of thu 
fibre, at all events up to the present. Dundee has been called 
“ Jutopolis " by some of her citizens, and her claim to the title 
cannot be disputed. Towards the end of tho last century the 
East India Company sent spocimons of a vaiioty of fibres to this 
country, in order to ascertain whether any of thorn could be rued 
os a substitute for hemp, and in tho lot was inolndod a quantity 
of jute, which, however, attracted no attention for a oonsideiable 
time after its arrival. It was at Abingdon, in Oxfordshfre, a 
town noted for sacking and twines, that this fibre is understood 
to have been first spun into yarn and worked i^to carpets. In 
the year 1822, Mr. Thomas Noish, a Dundee merchant, re¬ 
ceived a small consignment of juto from London, but failed in 
his efforts to induce tho manufacturers to make an attempt to 
spin it; and after tho parcel had been kept for a few years, it 
was sold to bo made into door-mats. About two years latm: a 
few bales of the now fibre were sent to Mr. Anderson, a Dundee 
manufacturer ; but although ho persuaded his mother, who was 
on expert at tho work, tu try tu spin it, the experiment was a 
failure, and all that Mr. Anderson suoceedud in producing from 
the material was a course yam that could bo partially nsod for 
sacking. In 1832 Mr. Noish got another consignment of jute, 
which was again offered to tho manufacturers and rejected. At 
lost, however, he succeeded in inducing Messrs. Balfour and 
Moldrum to experiment with thu new material, and a sucoessfnl 
result having been attained, the foundation of tlie Dundee jute 
trade was laid. During the first three years after its introduc¬ 
tion, juto was uniformly mixed with flax and tow; but by 1835 
pure jute yam was spun and sold. At that time the fibre could 
be bought for .£12 per ton, whereas at the end of last year its 
price ranged from AllO lU.s. to i)2G, according to quality. In a 
review of tho local trade for 1870, the Dundee Advertiser gives 
the following statistics of tho imports of juto into Dundee for the 
fivo preceding years, and an estimate of thu quantity imported 
last year:—1805, 71,702 tons; 1860, 52,179 tons; 1867, 
63,676 tons; 1868, 58,474 tons; 1869, 80,135 tons; and* 1870, 
81,600 tons. In 1868, 5,437 tons of jute were imported into 
Dundee direct from Calcutta, and in 1869 the quantity brought 
into tlie port had risen to 27,850 tons. Several of tho mill pro¬ 
prietors of Dundee are the owners of tho vessels in which their 
juto is imported, and the “ East Indiamon ” belonging to them 
form a sidondid mercantile fleet. “ The employment of steamers 
to carry the juto vi& the Snoz Canal,’’says the newspaper already 
quoted, “ is a new feature in the tradu, which has been called 
into requisition by tho small stocks here, but bids fair to dis¬ 
place to a large extent sailing vessels inA tho Capo of Good Hope. 
The extra cost, after making allowance for towing in, insnranoe, 
and interest, is scarcely twenty shillings per ton more than by 
Bailing vessels vid tho Cape.” llcgarding tho qualities and 
kinds of tho fabrics product from juto at Dundee, the deliver¬ 
ance of tho jury on jute goods exhibited akthe International 
Exhibition for 1862 may be cited:—“It is m Scotland exoln- 
sively whore goods mode from juto represent a large branoh of 
industry. This very cheap raw material is employed there, 
either pure or mixed, to make ordinary brown doth, but more 
espeoiolly socking, packing-cloth, and carpets. The jnto yarns 
used for carpets ore of the richest and most varied oolonrs, and 
are sometimes used with oocoa-fibre. Even tbe Brussels o» 
velvet carpet is imitated with success, in appoaranoe, if not in* 
durability.” The prices of jute oorpotiug varies from about 6d. 
to Is. 4d. per yard. Jute fabrics ore exported to the United 
States, France, Germany, Spain, and several other European 
countries, and recently a demand has sprang np in Sossia for 
oortain of the ooarsor qualities. 

Tho most extensive mannfaoturing establishment in Dundee 
is that of Messrs. Baxter Brothers and Co., tho principal 
partner of that firm being Sir David Baxter, Ba^., of Kilmaron 
—a gentleman distinguished alike for enlightened philaailiropy 
and success in business. Besides a variety of smaller benefao- 
tions. Sir David Baxter has foundetl several scholarships and 
endowed a chair of cigil engineering in the University of Edin- 
bnrgh; and about eight years ago he and his eiatets presented 
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the town df Dundee wildi a publio park, thirty-eight acres in 
extent, which cost ^S0,000, including Die embellishmenta and 
an adequate endowment for its maiutenanoe. Messrs. Baxter 
Brothers consume about 7,000 tons of flax annually, and are 
by far the largest manufacturers of that material in the 
world. In the spinning department of their works there 
are some 22,000 spindles, and in the weaving rooms there 
are about 1,200 power-looms, the motive power being sup¬ 
plied by twenty-two steam-engines, with an aggregate of 750 
horse-power. From 4,000 to 4,500 persons are employed by 
this firm, which protlnces annually about 20,000,000 yards 
of various deseriptions of cloth, navy sailcloth being the 
principal fabric they manufacture, and the British navy their 
principal customer. Excellent school-rooms arc connected with 
the works, to whioh aU the employes have free admission, and 
a library is also at the service of the workers. The schools 
have been iu existence for upwards of forty years, and the 
salaries of the master, mistress, and paid monitors, as well as 
every other expense, have been and continue to bo defrayed by 
the firm. 

Messrs. Cox Brothers are probably the next most extensive 
manufacturing firm in Dundee, about 4,:)00 persona being 
employed at their works, which occupy eighteen acres of ground, 
and are situated at Locheo, one of the suburbs of the town. 
This firm have agents in Calcutta, and import their jute direct. 
All tho operations of spiniiing, bleaching, dyeing, weaving, 
calendering, and pocking ore completed within their works, 
whicli are adorned with a very elegant chimney stalk 300 feet 
high, and 35 feet in diameter at the base. Messrs. Gilroy 
Brothers and Co. employ 2,000 x’crsonR in their mills, which 
have a frontage of about a thousand feet, and are the most 
imposing mill builduigs in the town or its neighbonrbood. 
Among tbe other manufacturing firms in Dundee may bo men¬ 
tioned Messrs. A. and D. Edward and Co., who employ 3,300 
persona; Mr. O. G. Miller, who owns five mills, and employs 
2,000 work-people; Messrs. J. and A. D. Grimond, and 
Messrs. Thomson, Shepherd, and Briggs. About ten miles 
from Dundee, and close to tho village of Carnoustie, near tho 
month of tho Tay, are situated the works of Messrs. James 
Smioton and Sons, whioh for various reasons deserve special 
mention in this paper. This firm only employ about 600 
persons, bnt they have usually some eighty different kinds of 
cloth in tho looms at one time, and they manufacture some five 
hundred various patterns and fabrics out of flax, tow, and 
jute. Tho yearly product amounts to about 5,000,000 yards, 
and consists principally of “drills,” “paddings,” and “ Bussian 
sheetings ” for tho United States, West Indies, ond Mexico; 
bnt “ checks ” and “ stripes ” arc also made in great variety. It 
is not, however, for the variety of tho fabrics that these works 
arc most noteworthy, bnt for tho institute which the proprietors 
built in 1864, at a cost of .£2,000, and maintain at an annual 
outlay of ^300, for tho benefit of their work-people. This 
institute comprises a fine hall—furnished with a pianoforte and 
hormoninm—olass-rooms, library, reading-room, etc., and it has 
td bo added that Messrs. Smieton and Sons have built about 
eighty dwelling-honses for the accommodation of their employes. 

Tho progress of the port of Dundee has been as remarkable as 
the progress of her manufactures, and tho population has in¬ 
creased in a corresponding ratio. If wo may trustBobertEdward, 
minister of Mnrroes, who wrote a highly panegyrical and rhe¬ 
torical description of Dundee in 1678, at that date Dundee was 
a town of no mean consoquenoo, and had fairly started on a com¬ 
mercial and indnstrial career. “ At Dundee,” says this divine, 
“ the harbonr, by great labour and expense, has boon rendered a 
very safe and agreeable station for vessels, and from this oir- 
cumstanoo the town has booomo the chief emporinin not only of 
Angus, but of Perthshire. The citizens hero (whoso houses 
resemble palaces) are so eminent in regard to their skill and 
industry, that they hare got more riv^s than equals in tho 
kingdom.” Bnt in 1821, nearly a centory and a half later, 
the population of Dundee had only grown to 30,575, and in 
1815there were but 157 vessels belonging to tbe port, registering 
is all 15,275 tons, while 66 vessels entered inwards with cargoes 
ftom foreign ports, having an aggregate of 10,620 tons register, 
and three vessels cleared outwards with cargoes for foreign 
oountrios. From the latter date the commerce and population 
^ Dundee have steadily increased, an3 are still rapidly augment- 
ug. In 1860, 3,180 vessels, representing a total of 396,919 


tone bnrden, were entered and cleared at tho port; whUo in 
1861 the population had inoroosed to 90,425, and it has risen 
during tho last decade to about 183,000. It is estimated that 
since 1815 upwards of £600,000 have been expended on the 
harbour works, and a project for further harbonr improvements, 
involving an expenditure of about half a million sterling, has 
been under discussion for several years. Among the minor 
industries of the town may be mentioned ship-building, machine^ 
making, sugar-refining, and tho manufacture of kid gloves, 
marmalade, and confections. 

During tho present century the trade of Dundee has passed 
through many vioissitndes, having boon affected for good or for 
evil by most of tho great political events that have occurred 
throughout the world. The Crimean war brought prosperity to 
the town, but tho American war of Nationality, as the author of 
tho “ Biglow Papers ” has so happily designated the struggle 
between tho Northern and Sonthem States of the American 
Union, may be said to have flooded the town with wealth. 
Since that very recent date extensive additions have been made 
to the factories, and mansions and villas have been bnilt in. 
profusion in tho suburbs, and in the neigbbonring villages on 
both sides of tho Tay. Groat improvements have also been 
effected in tho town within the past twenty years, new streets 
having been formed, and old thoroughfares straightened and 
widened; hut Dundee still abounds in narrow, crooked streets, 
and a considerable portion of the population still occupy closes 
where they arc “ cribbed, cabined, confined,” and it would not, 
l)erhap8, bn a great exaggeration to say that they are “ coffined ” 
there as well. But tho inhabitants of Dundee, although justifi¬ 
ably proud of tbe "eminent position that the town has attained, 
are keenly sensible of its defects, and bent upon remedying 
them. A healthy spirit of emnlation pervades toe community, 
which is at once toe promise and the guarantee of further 
progress. The Town Council of Dundee consists of a provost, 
four baillies, and sixteen councillors, who also act as Police 
Commissioners; and for years this body has fairly reflected and 
given effect to toe publin-spirited enterprise of the citizens. 

I The interests of too staple trado of Dundee are sedulously 
watched by a Chamber of Commerce, which also criticises and 
sometimes opposes projects started by the public boards, and 
in this way it occasionally renders an important service to toe 
inhabitants at large, as well as t<i tbe mannfacturers. Within 
a few years a free library bos been established in Dundee; 
toe gas works have been pnrehosed for too community ; and 
a splendid esplanade has been constructed on toe bank of 
too river. Dundee abounds in charitable institutions, and con¬ 
tains a very largo minlber of ceolesiostical edifices. Tho most 
notable of tho former is tho Morgan Hospital, a splendid build¬ 
ing, in too Scotch baronial stylo of nrchitecturo, whioh was 
creeled and endowed with money bequeathed to the town by a 
native who made his fortune in India ; and by for too most 
oeh'bratcd of toe latter is too ancient tower of St. Mary’s 
Olmroh, commonly palled too “ Old Steeple,” which is said to 
too nearly eight hundred years old, bnt which more probably 
dales from too middle of too fourteenth century, ns it is in 
tho Decorated Gothic style, which appeai-s to havo been first 
introduced into Scotland during too reign of David II. Among 
recent additions to tho public bnildings of Dundee, the Albert 
Institntc deserves mention. It originated in a desire to per- 
petuato tho memory of too Prince after whom it has been named, 
by furthering toe objects ho had most at heart. 'The Free 
Library is deposited in this building, and it is proposed that 
wings should be oreetod for a public museum and pirturo 
gallery. In 1831 tho Government, at toe request of tho in¬ 
habitants, granted tho town a resident sheriff-Bubstitnte, and 
tho Dundee court has for many years been more important toon 
that of the county town. A large proportion of tlio mnnu- 
facturera of Dundee have raised themselves from the humbler 
ranks of industry, and there are few gentry ami nobility con¬ 
nected with too town and noighbonrhood. Although too mer- 
ohants and manufacturers possess an eleg-ant Exchange, tho 
majority of them prefer to tra^aot their business al Jretco on 
the plain stones of too Cowgato)^ their predece.^sors have d<mo 
for generations. Thero ore nAny Irish in Ihindeo, the majority 
of whom arc Eoman CatholiOB. Tho condition of tho working 
people generally will compare favourably with that of auy other 
manufacturing town in Great Britain. Dundee is, in short, 
a fine specimen of a thriving industrial town. 
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BUILDING CONSTRUCTION.—XVII. 

BOOFS (continueiJ). 

HATina tho advontago of the oo-opemtion oE the heads of 
Tarioue Continental tocbnioal schools, we aro enabled to intro- 
duoo several oxamploa used in those institutions, sotno of which 
are well worthy of our careful study as well as imitation, and 


means of the tie-beam, which rests on corbels fixed on the Idwsr 
portion of the waU, which is thicker than the upper. The 
principal weight of the roof is carried down to this by means erf 
the struts, h h, and to these the ties, o o, are attached, whilst the 
cross-pieces act os hammer-beams, being attached at their one 
end to the struts, and at the other to the end of the piincipsls. 
The principals cannot thus spread outward, and os the hammor- 



from all of which most important instmotion in useful methods 
of oonstmoting roofs may bo derived. 

Fig. 169 is the transverse section of a German agricultural 
bnil(£ng, the lower part of which is used as a stable or cattle- 
shed, and the upper floor as la loft for storage of hay, grain in 
the sheaf, etc. 

It will be rememberod that th^great object to be constantly 
kept in view in designing a roonis that its weight must not 
press outward, but downward, and this object is best attained 
carrying the bearing as low down as possible. 

In this osamplo the walls ore doubly tied together; first, by. 


beams, i, rest on the wall-plate h, on the nppor edge of the 
vra.Il, a second tie is secured. The prinoipsls are further mmfined 
at the top by a collar-beam, m, suspend^ from the king-post, 1. 
The tie-beam is supported on bridging-joists, whidh run parallel 
to the length of the building, and are supported on poets, d d, 
the bearing of whidh is increased by the orosa-pieoes, /, shown 
in Fig. 160, which is a portion of a loncdtndinal section, in 
whioh will also be seen the method of givixtg additional support 
to the tidgo-beam by the^ptmts «, w. 

The floor-joists are shown at a a and the purlins at p in both 
sootions. 
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Fig. Ifil shows the method in which thh ridgre-troe is attached 
to the hood of the king-post; and Fig. 162 shows the joggle by 
whioh the ends of the principals are inserted. 

Fig. 163 is a portion of a truss of a similar character drawn 
to a larger scale. As the trasses must necessarily bo several 
feet apart, the purlins, whioh are, of course, of a smaller scant¬ 
ling, would be liable to sag. In Fig. 164, therefore, is shown 
iho method adopted for giving support to their ends. This 


The longitudinal section (Fig. 160} should bo pfojeded from 
Fig. 159 by drawing horizontal lines from the edges of the 
various members shown in the transverse section. 

Fig. 166 is the section of a roof in whioh, although the tie- 
beam rests on the top of the walls, still the weight is carried 
downward to a much lower point. This is effected by means of 
perpendiculars, a (see enlarged view. Fig. 167), and struts, e, 
whioh being double, clasp Idle tie-beam, b, between them, as 



method consists in the placing of additional end-pioccs. First, a 
longitudinal beam, h, is fixed at right angles to g, and therefore 
pari^el to the wall-plate. The end-pieces are precisely similar 
in character to the end of g, and are inserted into h % means 
of a tusk-tenon wedged in. This is shown in a separate example 
in Fig. 165. 

As to the mode of drawing this example, the walls should, of 
oonrse, be drawn first, then perpendioulars for oentre-linas for 
the supporting colnmns, then the corbels and tie-beam. 

It will now be found convenient to draw the sootion of tbe 
wall-plates, the lower line of the prii^pal nfters, tbe struts h, 
^e hammw-beams, the king-post, aoUu-beam, floor-joists, and 
men to complete the columns and draw the purlins, etc. 


shown in the enlarged section (Fig. 168), and carry the weight, 
not only of the principals, c, but of the common rafters, d (to 
whioh it will bo seen they axe also attached), down to a stone 
corbel built into the wall; the king-post being also made double, 
olosps around both tie-beam and coUax-beam, and tho_ mutual 
support thus given admits of timber of smaller scantling, and 
consequently of less weight, b^g used. Fig. 169 shows how 
the double wall-plates are connoted by oross-piooes dovetailed 
into them, lie sketob aim shows the intermediate ond- 
pieoos, /, and the manner m whioh they are secured by the 
longitudinal beam g. Fig. 170 is the elevation of tbe end of 
a truss of a similar ohacMter, and Fig. 171 is the upper end of 
a strut clasped by a oollar-boam inserted into a principal. 
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Iks Da liotme system of bnilding' up arohed ribs bos boon 
allTidod to in “ Toobnioal Drawing.”—IX. (Vol. I., page 135), 
and it will be rememborod that this oonaiirta in uniting tim- 
bers placed on their edges; these timbers being in short lengths, 
each out out of the flat, so as to form a portion of the required 
curve, the different lengths being united by what is called the 
“break-joint.” 

This system has been used more or less ever since its inven¬ 
tion. The roof of the middle compartment of tho building for¬ 
merly known os the Pantheon, 0:[fford Street, London, is con¬ 
structed on this principle; but owing to the strength of tho 
beams being so much dependent on tho lateral cohesion of tho 
fibre, the system has not been generally adopted in roofs, but 
has on tho Continent been used in several largo domes. Tho 
arch-beams of tho original domo of tho HaUo uu Bl£, at Paris, 
built by Messrs. Logrand and Molino, was of this charoctor, but 
this having been destroyed by firo, has boon replaced by an iron 
one. The span of tho original dome at its base was 120 feet. 
The largust domo in Germany constructed on tho Do Lormo 
principle is that of tho Catholic Church at Darmstadt, a portion 
of one of the aroh-beams of which is given in Fig. 172. These 
arched beams, however, do not eontinuously span tho oniaro well 
-—tho diameter of which is tlurty-three and a-half metros—but 
abut at the top agiunst a ring, which is tho base of tho lantern, 
or skylight. 

Tho ribs are not all carried up tho wholo height, but are alter¬ 
nated by narrower ones, which reach about two-thirds of tho 
length of the others, tho main ribs being oonstructod of five 
thioknessoB of timber at their lower half, and of three abovo 
tho middle—^the intermodiato ribs consisting of tliroc thiok¬ 
nessoB only. 


BIOGRAPHICAL SKETCHES OF EMINENT 
INVENTORS AND MANUFACTURERS. 

XIII.—JAMES WATT, P.B.S. 

BY JAMES QBANT. 

Jamss Watt, tho oolebrated natural philosopher and civil en¬ 
gineer, tho narrative of whoso life is, in foot, tho progressive 
history of tho Btoom-engino, that most wonderful of all modern 
inventiona, wan born in Qroonook, by the Firth of Clyde, on 
the 19th of January, 1736. His great-grandfather, an Aberdeen-' 
shire farmer, was killed in battle under the Marrpiis of Montrose, 
when fighting for King diaries I. Tho family from that time 
bocame poor, though James, the father of tho enginoor, rose 
eventually to be a merchant and magistrate in Greenock, where 
he died, at the ago of eighty-four, in 1782. 

James Watt, the oldest and only surviving child (his elder 
brother John having porishod at eoa), received his first instruc¬ 
tions in reading from his mother, whoso name was Agnes 
Muirheod ; but he was taught reading and writing by his 
father. He was afterwards placed at tho elementary public 
school of Greenock; but tho delicacy of his health provoiitod 
a regular attendance at classes, hence the giuater portion of his 
time he had to dovoto himself to unaided study in his own room. 
His love of mechanios was shown in his youth early, and even 
as a boy he began to consider with interest and tlionglit tho 
mighty power of steam, os tho following perhaps somewhat 
hackneyed anecdote may servo to show:— 

When seated one evuning at the too-table of his aunt, Mr.s. 
Mnirhoad, after silently observing him for some time, she said, 
“James, I never saw soe idle a bairn. Take a botik, and 
employ yourself usefully. For the last half hour yon havo not 
spoken a word, and havo done nothing but take tho lid oft' that 
kettlo and put it on again, or holding a silver spoon over tho 
steam, watching it rising from the spent, and then counting tho 
drops of water.” 

It would seem that while thus reproved for apparent idleness, 
the mind of the futnro engineer was thoughtfully oonsidoring 
tho fact of condensation of steam. Fvery bnuich of science, as 
ho approached manhood, ho prosecuted with equal success; and, 
among others, took snob interd^iu physio and surgery that ho 
was one day discovered—to thev^tense dismay of his mother— 
conveying secretly into his room Ko head of a child, which had 
died of some unknown ailment, tUt be might dissect it. , 

A growing desire tor improvement in mechanios indnoed him, 
in Ms nineteenth year, to 'risit London, where he placed himself 


under tho oaro of Mr. John Morgan, a nautical and mathematioal 
instrumont-makor, whoso premises wore in Finch Lane, Com- 
hill; but in 1756 ill health compelled him to return home. His 
London experience, brief thongh it was, enabled him to pnrsne 
his studies without more instruotion; hence in the following 
year he started in business at Glasgow as a maker of mathe¬ 
matioal instruments. Some of the city trade oorporationa now 
attacked him legally, on the plea that he was infringing their 
privileges ; but the professors of the University woro so pleased 
with his skill and application that the Benatus took him under 
their protection, and assigned him apartments witMn their 
ancient college, whore he could work unquestioned, as mathema¬ 
tical instrnmont-makcr to that body. Those who most actively 
befriended him on this occasion were Dr. Diok, Professor of 
Natural Philosophy; Robert Simson, M.D., Professor of Mathe¬ 
matics ; Dr, Block, Professor of Anatomy, the discoverer of latent 
heat; and Adam Smith, the author of “ The Weolth^of Nations,” 
then Professor of Logic. For six years James Watt resided in 
the University, and during that time his shop booaino tho daily 
resort of the most eminent men in Glasgow; and there many of 
tho most difficult questions in literature, art, and science were 
discussed, to tho advantage of all. 

It is rooordod os a proof of Watt’s singular ingonuity that, 
thongh destitute of all car for music, and unable to distinguish 
one note from another, ho undertook to construct an organ, and 
actually built one, which displayed many improvements in 
mechanical details, “ in the regnlators and mode of measuring 
tho force of the wind, and one, too, which showed no defioieucy 
in its powers of harmony.” 

In tho year 1764 ho married his muternnl cousin, Mias Miller, 
having in tho summer of the year previous nimovod from the 
University into tlio city; and from thenceforward, aiming at a 
more ambitions career, ho began to turn much of his attention 
to tho improvement of tho steam-ongino. 

In 1761 and tho year following ho hod already tried somo 
experimonts on tho power or force of steam in a Papin’s digester, 
and had worked with strong steam a little model ongino of his 
own construction; but its many imperfections proveutod him at 
tho time from proceeding with it further. It chanced that in 
tho autumn of 1763, Profes.soT John Anderson, who then hold tho 
chair of natural philosophy (tho future founder of tho famous 
Andersonian Institution), employed Watt to put in order a 
working model of a stoam-engino upon Newcomen’s construction, 
with which ho was wont to instruct the students of his class. 

At that time tho usnal practice was to condense tho steam in 
the same cylinder as that in which tho piston worked; but this 
cylinder, being of cast metal, was at every stroke cooled down 
nearly to the temperature of tho water omployed for condensa¬ 
tion of tho steam, hence causing the waste of all the heat 
requisite for giving the oylindor again its necessary tomporature. 
After many experiments or trials, the happy idea occurred •to 
Watt of saving all tho waste of boat and fuel by eondonsing tho 
steam in a separate vessel, exhausted of air, and kept cool by 
injection; whilo hotween it and tho cylinder a communication 
was to bo opened each time the steam was to bo cendensod, 
while tho cylinder itself was to bo kept perpetually hot. On 
perfecting this great improvement ho constructed an entire 
model, and tho suoccss of the exporiments made witl; it placed 
tho advantages of the invention beyond aU doubt. 

This model has ever since boon preserved in tho University ^ 
of Glasgow. In Iho oomso of his trials with it, ho asoqrtainod 
to a nicoiy tho exact proportions between water and stem, and 
also tho quantity of water which tho heat disengaged by eon- 
donsing steam would olovato to tho boiling-point. On Watt 
mentioning this discovery to his friend Dr. Block, the latter 
explained to him his doctrino of latent heat, to the snpport of 
which IVatt had the pleasure in future years of oontributing his 
exporimonts. 

Want of funds for a time prevented him from continuing his 
machinery upon a larger scale, but for two years after the dis¬ 
covery his mind was ocoupiod almost oxclusivoly by this desire. 
However, about 1768, Dr. John Boebuok, of Sheffield, famous 
as an experimental chemist and metallurgist, and as the im¬ 
prover of the blowing apparatus, having commenced his great 
establishment of the Oarron Iron "Woiia, agreed to spemilate 
with Watt upon being admitted to two-thirds of the inventton. 
Prior to this proposal 'V^tt hod been fast losing heart. We 
are told that he “ was a sioldy, fragUe man, and a constaitt 
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•affetar from violent headaches; heaidee, he 'waa bjr nature 
timid, desponding, painfully anxious, and easily oast down by 
failure. Indeed, he was more than oneo on the point of aban¬ 
doning his invention in despair.” 

Aided by Boebuok, ho now oonstruoted an engine on a largo 
sealo at KinnoU, near Borrowstownness; but pecuniary diffi¬ 
culties on the port of the doctor and increasing ongagomonts 
on the part of Watt delayed for a time the progress of tho 
work. Tho latter had now entirely relinquished tho business of 
mathematical instrument-maker, and commenced that of civil 
engineer. In 1767 he was employed on a survey for a junction 
canal between the Forth and Clyde, by what was called tlie 
Lomond passage, but the bill was lost in Parliament. His next 
survey was for tho Monkland CaneJ, which was commenced in 
1770, and has undergone many improvements since 1792. It is 
twelve miles long, thirty-five feet wide at tho top, and twenty-six 
at the bottvm, with six feet of water. 

Many plans of a similar nature occupied his attention till 

1773, and surveys and estimates wore made by him successivoly 
for improvements in tho harbours of Ayr, Port Glasgow, and 
Greenock; for tho deopening of tho Clyde, improving the navi¬ 
gation of tho Forth and Devon; the cutting of a canal from 
Campbelltown to Machrihanish Say; of another between tho 
Grand Canal and tho harbour of Borrowstownness; tho erection 
of a bridge at Ituthorglon, in 1775, another at Hamilton, etc. | 
lie surveyed tho district ( f tho Caledonian Canal, with plans | 
and sections, which proved of vast use to Mr. Telford, when at i 
a future tlino tlmt groat engineer carried out the works upon a | 
larger scale. To facilitate those surveys, Watt need a now 
micromotor and a mochino for porspoctivo drawing, invented 
spooially by himself. 

The year 1769 saw him fully socurod by patent in his “im¬ 
provement for saving steam and fuel in steam-engines and 
having prevailed upon Dr. Boebuck, now by luckless specula¬ 
tions involved in ruin and penury, to transfer all his interest in 
tho said patent to Matthew Boulton, of Soho, in Staffordshire (a 
village of which that gentleman was tho founder), Watt entered 
into partnership with him, and removed to Birmingliam about 

1774, a year after tho death of his first wife, who left him a son 
and a daughter. As success in life flowed in upon him ho tiovcr 
forgot his gratitude to Dr. Boebuck. “ I Imvo mot with many 
disappointments,” ho once wrote to a friend, “ and I must have 
sunk under tho burden of them if I hod not been supported by 
tho friendship of Dr. Boebuck.” 

Tho patent having boon oxlondod to twonty-fivo years, Messrs. 
Watt and Boulton now commenced ootivoly at Soho tho con¬ 
struction of engines for tho drainage of mines, then tho chief 
purpose to which they wore applied. These engines speedily 
come into gonoral use in tho mining districts, more especially, 
perhaps, in Cornwall; and Watt now proceeded to invent still 
farther improvements, all of which he secured by succossivo 
patents between the years 17S1 and 1785. Among other dis¬ 
coveries wore tho rotatory motion of tho sun and planet wheels, 
tho expansive princiiflo, tho double engine, tho parallel motion, 
and the smokeless furnace. Thu application of tho centrifugal 
regulating force of “ tho governor ” was ono of his principal 
practical improvements; while tho perfection to which he 
brought the rotative engine soon lod to its appliraition to every 
speoies of mill-work and machinery. But Bonlton and Watt 
were frequently compelled to have reeonrso to law between tlio 
yeori 1792 and 1799, as several piracies wore committed on the 
rights of their patent. 

By this time Watt had ro-morriod, his second wife being a 
Miss Maegregor, tho daughter of an old Glasgow friend. 

In 1780 ho had obtained a patent for a letter-copying machine, 
speoiallybis own invention; and in April, 1783, ho announood 
1^ important discovery of tho composition of water, which 
M. Arago styled “ tho greatest and most prolific discovery in 
modem chemistry.” His paper on this subject was read before 
tho Boyal Society of London, and published in their “ Transac¬ 
tions,” in 1784. In the following year ho was olecte.! Fellow 
of the Boyal Society of Edinburgh, and in 1786 a fellow of that 
of London. 

The winter of that year fonnd him at Marly, whither he had 
gone at the request of the Government of Louis XVI., to; mprovo 
the mode of raising water m the famous royal galena there. 
It was on this oecasion that he wfiki the friendship of M. Ber- 
tiufllet, the eminent chemist, who had recently discovered tho 


bleaohing qualities of chlorine. These ho eommunioated to 
Watt, and the latter, on reoeiving permission, imparted them to 
his fathoT-in-law, Maegregor, who was then proprietor of a 
groat bleaohing establishment near Glasgow. For this plooo 
Watt gave directions concerning the oonstmotion of tlte proper 
machinery and vessels, superintending the first trials; so ho 
was thus virtually tho first to introduce this improvement into 
Britain. 

The year 1800 saw tho expiration of his patent, after which he 
withdrew from tho works at Soho in possession of an ample^ 
fortune, the just reward of his skill, perssveranoe, and industry.” 
To his two sons—tho youngest of whom, Gregory Watt, h^ 
already distinguished himself by literary and scieutifio talents— 
he resigned all his interest in tho business; but still in retire¬ 
ment devoted a groat portion of his timo to chemical soienoe, 
and contributed a paper on tho mudical qualities of footitioas 
airs to Dr. Beddoes’ treatise on “ Puoumatie Medicine.” He re¬ 
ceived tho degree of IjL.D. from tho University of Glasgow, in 
1806; and eight years after ho was elected ono of the eight 
foreign associates of tho National Institute of France. 

In 1809 his aid was solicited by the Glasgow Water Company 
to enable tliem to convey water across tho Clydo from a well on 
tho opposite side of tho river. For this purpose ho formed a 
flexible main, with ball-and-socket joints, to bo laid ooross the 
bottom of the water, an idea bo derived from observing tho 
structure of a lobster’s tail, and in its design and cxeontion the 
HuccosH of tho plan was complete. His advice was next asked 
cunccruing tho formation by Government of now docks at 
Bheernuss, and for his services in this matter ho was thanked 
in 1811 by tho Lords of tho Admiralty. 

In tho lost year of his long and useful life, Watt was engaged' 
in tho construction of a machine for copying luooes of scnlptore. 
Ho did not live to perfect this clever instrument, for his hands 
and sight were failing him; but it was so far advanced that lie 
had several models niado and given to his friends, ns “the 
attempts of a young artist, just entering his eighty-third 
year! ” 

“ In his private life James Watt was universally beloved for 
his gonius, esteemed for his bonevolonco, and courted for the 
vast range of his information. His conversation was pleasing, 
abonnding with anecdote, and highly instructive. Ho had 
read mneh, and was familiar with several languages. The 
German he learnt solely that ho might peruse Leopold's ‘ Thea- 
trnm Machiiioruin ’ iii tho original.” 

Among tho many invoutioiis of Watt was a tilt-hammer of 
considerable power. This ho first W'orked by means of a water¬ 
wheel, and latterly with a steam-engine regulated by a fly-wheel. 
His first hammer weighed 120 pounds, and rose eight inches 
before striking; but ho afterwords made ono for Mr. Wilkinson, 
of Bradley Forgo, which weighed 7i cwt., and struck 300 blows a 
minute. In common with Wedgwood and Sir Humphry Davy, 
tho idea of sun-painting by tho daguerreotype had ooourred to 
Watt, who hod experimented on tho action of light upon nitrate 
of sUvor; ond very rocontlj', among tho old household lumber of 
his partner, Matthew Boulton, thcro was found a silvered oopper- 
jilate, having on it u representation of their old premises at 


Soho. 

On tho 25th of August, 1819, ho died, in his eighty-third yew, 
at his house at Hcalhfiold, in StafTordshiro, and was interred in 
tho chancel of the parish chnrch of Handsworth, near Birming¬ 
ham, whore a beautiful Gothic monument, with a marble statue 
by Chantrey, has boon erected to his memory. Another marble 
statue of Watt by tho same artist decorates ono of tho halls of 
Glasgow University; a third stands in his native town of 
Greonook; a fourth, of bronze, is in one of the principal squares 
of Glasgow; a fifth, of atone, is in Edinburgh; and in West¬ 
minster Abbey there stands a sixth, of colossal magnitude, by 
Chantrey, bearing on its base an elegant inscription from the 
pen of Lord Brougham. 

A relic of Watt’s skill and industry still exists in his lar^ 
stoam-engino at Carron. It remains in its old iiosition, but ig 
hastening fast to decay. Already the ongino-room is erumU^g 
into ruins, and the iron-wori: is furrowed and blaokonod by 
oxidation, as it was abando^m when ono of a more improved 
design was erected about ifiQ. But as Watt’s engine is one of 
the earliest ever made, an€ is, os a piooo of moobanismv'jnost 
i^resting to men of soienoe, it is mnoh to bo regretted 'that bo 
little core is taken for its preservation. 
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TECHNICAL LllAWING.—XXXV. 

■WHJTWOETH’S 15-INCH LA.THB—(conHtwwi). 

Flo. 347.—^The morable headatook and part of bed. 

iig. 848.—^Au end elevation of the fixed headatook, referred 
to in the laet leaaon. 

WBOtraHT-lBON BOZ-aiBDXB. 

lig. 349 ahowB a aide elevation and Fig. 3S0 a aection of a 
gilder, anoh ae need for anpporting walla 
a for bnildinga. It oonaiata (^iefiy of four 
* platea and pieces of angle iron, that are 
riveted together, forming a very strong box- 
ahaped girder or beam. Hie plates are out 
into proper form by ahoars, in a shearing 
and punching machine, and holes are 
punched for the rivets. In their original 
form rivets Imve one head, and when rod- 
hot are pat into the holes that have boon 
ponohed. A heavy piece of iron, tochni- 
■ oally called a “ dolly," is held against the 
hesA while the projecting end is hammered 
over, and by means of a die made into 
another head. As the rivet oools, it con¬ 
tracts, and so draws the plates very closely 
together. 

This plan is nniversally adopted for 
fastening together the plates for boilers, 
wronght-iron bridges, roofs, eto., and has 
the merit of extreme simplicity, combined 
with durability and strength. 

VXBTICXI. STBAM-KMOIBB WITH CTLIN- 
SBB INVBBTKD (Pig. 351). 

In oases where ground-spaco is valuable 
this form of the 
steam-engine is 
sometimes em¬ 
ployed, as it 
takes up less 
room than that 
ooonpiod by 
the horizontal 
or beam engine; 
but it is need 
most frequently 
for marine pur¬ 
poses. The cy¬ 
linder, A, is 
above, and 
steam pressure 
upon the piston 
i^de it pro¬ 
duces a reci¬ 
procating mo¬ 
tion, which, by 
means of the 
connecting-rod, 

B, is oommnni- 
eated to a 
crank, c, below, 
and thereby 
converted into 
rotation. At 
the point shown 
the crank is on 
the top of its 
stroke, and as 
pressure now 

acts in a straight lino between the piston and shaft, D, no 
motion oan take place until the crank has moved sideways a 
little. When once past this point (called the dead centre) the 
engine-shaft will tom round, and the momentum of the fly¬ 
wheel, X, prevents its Over standing fast upon the dead centres. 
Another (dan, recently invented W Mr. A. Bigg of Chester, and 
Mr. W. Moogeorge of London, for^complishing this object, is 
shown in &o lower part of the dianng. It oonsists of a cam, 
B, keyed upon the main shaft, s, and a roller, o, oaniedvin 
bearings npon a plunger, H, wbioh has steam jtres^g under¬ 
neath it. As shown in the drawing, the steam forces np the 


plunger and roller, and so turns round the cam, and with it the 
main shaft and crank. This plan differs from the fly-wheel, 
inasmnob as it is a zeal power, wbiidi turns tiie engine round 
and starts it even if standing (as sliown in the drawing), which 
could never be done by the fly-wheel. It is also much lighter 
than a fly-wheel, therefore more suitable for ships; and indeed 
it answers the purpose of a second engine with a crank set at 
right angles to the one shown. Although both a fly-wheel and 
cam arrangement ore diown in the draw¬ 
ing, only one of them is really neeessaiy, 
and this drawing forms on example of alter¬ 
native designs, where two separate or dis¬ 
tinct arrangements may be proposed by 
the designer. In these cases it is usual 
to make one drawing with ink of a dif¬ 
ferent colour, such as showing the fly¬ 
wheel in crimson lake or Prusrian blue. 

COLOITBINa BBAWINOS. 

The method of colouring drawings has 
already been given, and it is only therefore 
nocessazy to specify the colours used by 
most engineers to represent the various 
BubstancoB:— 

Cast iron, in plan and elevation. —^Nou- 
tml tint or Payne’s grey. A good neutral 
tint may bo composed of indigo and Indian 
ink in equal parts with a little lake. 

Cost iron in section. —The same used 
lighter. The surface should be coloured 
before the section-lines are drawn on it, to 
avoid the Indian ink being washed up. 
Wrought iron in plan and elevation.—- 
Indigo. 

Wrought iron 
in section. — 
The same, 
lighter, with 
section-lines. 

Steel. —Palo 
indigo tinged 
with lake. 

Brass.—Gam¬ 
boge, or Boman 
ochre, shaded 
with sepia, 
which should be 
done before the 
gamboge is ap¬ 
plied. 

Copper.— 
Lake. 

Lead. — PUle 
indigo tinged 
with Indian ink. 

Brickwork in 
plans and sec¬ 
tions. —^Lake. 

Brickwork in 
elevations.— 
Lake mixed 
with burnt 
idenna or Vene¬ 
tian red. 

Oak or Teak. 
—V andyko 
brown. 

lAghter woods — such as fir.—’Raw sienna. 

Granite. —Pale Indian ink. 

Stone generally. —Yellow odire or pale sepia. 

Leather. —^Vandyke brown. 

Concrete works. —Sepia with darker markinga. 

Clay or Earth. —^Bnmt umber or Vandyke brown. 

Slate. —Indigo and lake. 

In colouring drawings the student should alwajrs bear in 
mind that if any depth of tmt is desired, it oan only be attained 
by laying on a succession *bf washes until the desired tint bas^ 
been produced. 
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NOTABLE INVENTIONS AND INVENTORS. 

XIV.-THE BILK MANUPACTUHE AND JOHN LOMBB. 

BY JOHN TIMB8. 

It ia IV onrionii fact tluvt all those animala which are most useful 
to man are likewieo most manageable. There is scorcelj a 
oateipillar which is so easily reared as that of the silkworm. 

China was, undoubtedly, the country in which men first 
STailed themselvos of the labours of tho silkworm. Soria (the 
country of the Seres, whence the rearing of silkworms is called 
$ericuUvre} was a name by which the Macedonian Orooka 
designated tho country which produced the aUk that came oYor- 
lond from the north of China. Still, there are reasons for 
inferring that the culturo of the silkworm and tho manufautore 
of silk had not been introduced into India four hundred years 
after silk was known in Europe. Both the raw material and 
the manufactured article wore obtained in the country of tho 
ThinsB. Tho Median robes spokon of by the Greek writers of 
the period of the Persian empire, and extolled for their lustrous 
beauty and brilliancy, were no doubt silkon vestments, and long 
afterwards, when they hod been introduced into Europe, they 
were called silken. Aristotle is tho first Greek author that 
mentions tho silkworm; and ho states that the silk was first 
apun in the island of Cos, but tho raw material was still an 
(Mental product. Pliny states that tho silk came from 
Assyria, and was worked up by the Greek women.* It is 
probable that silk was in use among tho Greeks long before 
they knew whence tho substance came, or in what manner it 
was produced. Virgil supposed that the Seres carded the silk 
from leaves; and Dionysius Poriogetos also supposed it to be a 
vegetable product. Thus, ho says:— 

" Nor flocks nor herds tlio distant Sores tend; 

But from tho flow'rs that in the desert bloom. 

Tinctur'd with varying hues, they cuU 
Tho glossy down, and curd it for tlio loom." 

PausamoB says : “ The Seres have a spinning insect, which is 
kept in buildings, and produces a fine-spnn thread, which is 
wrapped about its foet.” It was not until the sixth century 
that the obscurity which'enveloped tho subject was cleared up. 
At this time silk was in general use among the Homans, and 
was mannfacturod for them by the inhabitants of Tyro and 
Berytns, in Phesnioia. Tho Persians monopolised the supply 
of the raw material, and guarded their triido both by sea and 
laud, BO that travoUors from or to China wore not allowed to 
traverse the Persian dominions; and in tho time of Justinian 
the impprtation of silk was entirely stopped. The trade in 
silk was in this unsatisfactory state when two Nestorion 
monks of Persia, who had travelled to China, there saw tho 
common silken dross of tho Chinese, and tho myriads of silk¬ 
worms on trees and in houses, from which it was obtained. 
On their return to tho West they acquainted Justinian with tho 
mode of producing silk, and undertook to return and bring 
back with them some of tho eggs of tho silkworm. This they 
did, and a quantity of eggs concealed in a hollow cane wore 
brought in safety to Constantinople, and there hatched by the 
heat of a dunghill, and fod with mulberry-leaves. These worms 
in due time spun their silk, and propagated, under tho careful 
attendance of tho monks, who also instructed tho Bomans in 
tho whole process of manufacturing silk. 

The breeding of silkworms in Europe was for six oonturies 
confined to tho Greeks of tho Lower Empire. In tho twelftli 


_Pfiny* whose judgment and discrimination aa a compiler arc not 

greaUy to bo relied upon, reports that tho boinb||Z (or silkworm) is ii 
native of Cos. an islsud in the Mediterranean orcliipelsgo. It is 
known that silk was manufactured there at a very early period j but 
Artiatoila hud previously explained that lH>mb;/l;ia, or tho stuff pro- 
duoed from the bombyz, was re-growu, or re-woven by tho women of 
tho above iahmd. The inventress of this process was Famphilia; she 
unwove the previous material to ro-eompose It in her loom into fabrics 
of a more eatended texture; tbus couvorting the substantial silks of 
the Berea into thin transparent gauzes, obtaining in measure what was 
lost in anbstanoe. Attempts have bdte made to rob the inventress of 
all the merit belcmglng to the process ok identifyiug the bombyfeia with 
^ejnw material, whlidi it is sold Pampmlia and her nymphs procured 
tram Bexes, and thus spun or wove intoveWca or silk. But the t%ot 
«l i»-waavlag rests upon too good authority to be doubted.—Enoyclo- 
pisdta Arihmiiica. 


century the art was transferred to Sicily; in the thirteenth 
century the roaring of silkworms and the manufacture of silk 
were introduced into Italy, and thonoe Buccossively into Spain* 
and Franoe ; and in tho fifteenth century the manufaoture was 
ostablished in England. 

Of all fabrioB, that which may be called most historical and 
of groatest interest to tho artist and antiquary is, undoubtedly, 
silk. Though loss early known and manufocturod, its beauty 
is so great and its capacity for fine fabrics so obvious that it 
has become assooiatod with tho ceremonies, splendours, and 
events of all times—modem times, at least. This oostly 
material, as we have seen, came late to the Homans. From 
that time it became tlie material for ceremonial dresses, relj« 
gious and civil; and on all important occasions, down to the 
costly displays of modem coronations and great Church cere¬ 
monies, silk, in the form of tissues, velvets, satins, and tho like, 
lias been always in use. Tho early home of silk, hflwever, has 
been in the E^t; and wonderful fabrics ore still made in India 
and Syria with silk mixed with gold threads, beetles’ wings, and 
other decorative substances. 

It was not until the reign of Francis I. that tho silk manu¬ 
facture took root in Franco. At this date Henry VIII. could only 
obtain a pair of silk stockings from Spain ; and tho manufacture 
in England did not make much progress until 158.5, when many 
of tho silk manufoctuirers from Antwerp fied to England from 
the jMiTSocutionB of the Duke of Parma, then governor of tho 
Spanish Nothorlonds. James I. was very solicitous to promote 
the brooding and rearing of silkworms in J'Ingland, and had 
groat numbers of mulborry-troos planted for tho purpose; tho 
northern side of the site of Buckingham Palace was a portion of 
the mulboriy garden planted by King James. The experiment 
was not successful, in oonsequenee of our climato being unsuited 
to tho sUkworm. James also encouraged tho introduction of 
tho sUkworm into tho English settlements in America. Neat 
tho close of his roign, Jamos onoouragod a London merchant to 
bring from the continent of Europe silk-throwsters, silk-dyers, 
and broad-weuvers ; and a beginning was made in tho manufac¬ 
ture of raw silk into broad silk fabrics, which inoroasod so 
rapidly that in 1629 tho Silk Throwsters of liondon were in¬ 
corporated, and the trade had its dye called “ London black.” 
In 1661 this oompany employed abovo 40,000 men, women, and 
children. The revocation of the Edict of Nantes by Louis XIV., 
in 1685, compelled “ poor Protestant strangers, Walloons and 
French,” manufooturors and artificers, to emigrate from France 
in groat numbers; when nearly 50,000 took refuge in England, 
and established such seats of silk manufacture as that of Spital- 
fields, of tho highest style of art and ingenuity of fabric then 
known, introduoing the weaving of lustrings, alamodos, 
brocades, satins, paduasoys, dnoapos, and black velvets. And in 
1713 it was stated that silks, gold and silvor stuffs, and ribbons, 
were made here as good as those of French fabric, and that 
blaok silk for hoods and scarves was annually worth ,£300,000. 
Thus Louis XIV. sent thousands of the most indnatrious of his 
subjects into this country, to present his bitterest enemies with 
the arts and manufactures of his kingdom. Tapestries and 
hangings for rooms were mannfaotnred in Spitalfields even 
before the settlement of rofugoes in that district. In the above 
year the petition of the Weavers’ Company to Parliament, at 
tho Peace of Utrocht, against tho commercial treaty with France, 
represented the silk manufaoture os twenty times greater in 
amount than it hod been in 1664; and that it had caused a groat 
exportation of woollen and other manufactured goods to Turkey 
und Italy, whenoe tho raw silk had been imported. 

In the early part of the eighteenth oontnry the Italians ox- 
dnsively possessed tlio art of spinning, or, as it is toohnioally 
called, throwing silk; and the British weaver had to import 
thrown silk at an exorbitant price. In 1702 a Mr. Crotchet 
had attempted 'to establish the silk-throwing trade in a small 


* '* The rich and boautlfnl brocades which adorn some of the Spanish 
royal palaces, and of which the colours are as freah as it lately 
woven, were made many of them a hundred years ago, in Bpaaish 
looms. liooms and factories were broken up and demoliahed daring 
the Peninsular War, and have never since been reoonstmoted or rebuilt. 
That war caused, in fact, the total umibilatlon of the silk trade ia 
Spain—for the little woven In Valeneia ia scarce worthy of the name— 
and was the cause of mooh iliprovemmst ia French mannfiMtnra."— 
The Echo, Jan. 7,1671. 
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mill nidtk lie built at Derby; but from defects in bia machinery 
he was soon compelled to abandon the project. In 1715, John 
Lombe, whose name will ever be remembered with veneration in 
oonneetion with the silk trade, visited Ituly to acquire a know¬ 
ledge of its proocss, with the view of introducing it into Eng¬ 
land. On reaching Italy, he found the Italians guarded their 
secret with groat vigilance. At Piedmont, finding that he 
could not examine the silk machinery and its proecsacs, he 
bribed some of the workpeople; and, by their conniratioo, in the 
disgniso of a common workman, he made several visits to the 
miUs, and each time carefully noted down whatever ho saw, and 
mode sketches of parts of the machinery, so as to perfect him¬ 
self in the operation of throwing. His stratagom was discovered, 
and he was obliged to fly with the utmost prouipitoncy, bringing ! 
with him, however, his notes, skotohus, and portions of tho : 
maohinory, and, better still, a mind which had grasped and 
oomprehend«d tho whole process. Ho fled to avoid assassina- ' 
tion, and took refuge on board sliip ; and returned to England j 
with a full knowledge of the art ho had run such imminent risk 
to acquire. Ho was acoompaniod in his flight by two Italian 
workmen whom he had bribed, and who risked their lives in his 
project. 

MINING AND QUARRYING.—V. 

BV OKOBaB OLADSTONK, F.C.S. 

COAL. 

VBKTILATION — FlRK-DAMr — CHOITE-DAMP — DAVT LAMP— 
BLlMt) PITS — THB PIT’S MOUTH — BPOKTANKOUS COM¬ 
BUSTION. 

Whkn there nro two shafts to a colliery, tho one nearest to tho 
dip-head will be tho downcast, and timt towards the crop tho 
upcast, as tho air will naturally tend in that direction inde¬ 
pendently of any artificial arrangements. The air in the coal¬ 
mines is liable to bo contamitiato<i with two diflorunt gaae.s, 
known by the minors as firo-dainp and choke-damp, the former 
oonsisting of carburettod hydrogen, and the latter of carbonic 
aoid. The fire-damp is much lighter than common air, and 
when mixed with it in tho proportion of 1 of gas to lU of air, 
it forms a highly explosive comijonnd; thu carbonic acid is, on 
the contrary, heavier than the air, and will extinguish fire, 
but in breathing it insensibility ensues, and nltiiuately death. 
The fire-damp, however, is tho principal source of danger. Some 
seams ore very full of it. In the low main of the Newcostlo 
fields, for instence, a minor has been known to come upon a 
blower giving off C.OOO onbic feet of gas per minute, and these 
sometimes continue without diminution for months. Tho fire¬ 
damp will not explode if tho air is in tho proportion of H or 
more to 1 of gas, so that it becomes a matter of calculation as 
to the rote at which tho fresh air should bo mode to circulate 
through the mine. It is not found couvouiont by tho pitmen if 
the onrrent of air exceeds throe and a half foot per second, but 
iu the main intake courses it nuiy be increased to four or five 
f«et per second, while owing to tho expansion of tho air with 
the increased temperature, and the escape of gases throughout 
the'mine, the velocity in the rotnm main will bo very much 
greater. 

In describing the underground plan of a mine a furnace at tho 
bottom of the upcast shaft has been spoken of. It may, how¬ 
ever, appear curions that a large fire should bo kept burning in 
a coal mine at the very part towards which tlio explosive gases 
are driven. Funmoos at tho top of the shaft, with a very tall 
chimney to increase tho draught, have been suggested instead, 
but the other is more effective. In collieries where theto is any 
reason to fear an oxcossive quantity of gas tho return air-course 
is not allowed to pass immediately over tho fnmacc, but is 
osnied by a dumb drift, A, as shown in tho diagram (Fig. 10) in 
the next page, into tho npeost shaft, b, at some little distanco 
above the fnmace, the fire in which is fed with fresh air brought 
in by the air-ooorse, c. 

Hour effective the ventilation is may be judged from the 
following observations made at Shireoak Colliery, 1,530 feet 
deep. The temperature of tho intake air at tho bottom of tho 
shalt was 63° l^hronheit, and that of tho return air 69° ; while 

agoaf twenty-one feet from tho air-ourront tho heat was 72°, 
and in a dose heading 240 foot from 4ho oir-conrso it amounted 
fto 66°. This last is considerably above what it should be, 


considering the dopth of the colliery, but it exhibits the cooling 
effect of the air-ourront all the more oonspionoualy. 

In Bosebridge Colliery, Wigan, where two seams are worked, 
the one 900 and the other 1,800 feet deep, the respeetivo tem¬ 
peratures of tho intake and retnm air at both levels were token 
on the 4th of September, 1860, together with the strength of the 
air-ourrouts and tho length of course travelled by them. The 
temperature of tho air in tho shade at the surface was on that 
day 56°, which is above tho mean of tho year in this climate. 
That of the intake air at the bottom of tho shaft in tho upper 
level was 59^°, and in the lower level 60^°; after traversing 
1,000 yards in the former and 1,500 yards in the latter the tern- 
poratnros wore 64° and 73°, tlio supply of air to the two levels 
being respectively at the rate of 35 and 81f cubie feet per 
minute. According to our previons estimate, the temperaturo of 
tho lower level, due to the depth, should be about 81°, showing 
a roduotion caused by the draught of 8°, althongh, on this occa¬ 
sion, the fresh air poured in was itself oomparativuly warm. 
This reduction of the temporatare by ventilation has, by the 
way, been taken into consideration iu fixing the limit of coal¬ 
mining at about 4,000 foot. 

Tho length of the air-oourscs in some of the old collieries in 
the north of England is enormous—oven thirty or forty milas— 
so that tho air introduced from above will perhaps be ten or 
twelve hours before it makes its exit. 

In order to diminish as much as possible tho risk of explosions, 
the lamp invented by Sir Humphry Davy, and which bears his 
name, is very commonly adopted, though not to the extent 
; it ought to bo, as the pitmen use naked candles wherever 
possible, because they give more light. It was found by 
exporimont that fine iron gauze will not allow fire to pass 
I through. Tho Davy lamp, of which Fig. 11 is a drawing, is 
j therefore made quite air-tight below, while the sides and 
i t<ip ore made of a shoot of iron gauze, thiongh which tlte air 
I rocinircd for combustion jtassos. The oil lamp in the centre is 
i trimmed and lighted before starting, and the gauze cylinder 
; screwed down tight. A is the recoptoclo for the oil, wbiob is 
I poured in at b, upon which a olnse-fittiiig cap is then sorewed. 
u is a motal rod witli a claw at the ihner end, passing tlirongh 
tho oil chamber by an air-tight pipe into the lamp, whicli is used 
for trimming thu wick, when in the mine, without unscrewing 
the ganze cover. A gnnzo containing twenty wires per iinear 
inch will bo sufficiently fine for the purpose, though they have 
often boon mode much oloscr. On passing into u gallery where 
fire-damp prevails, tho gas, passing throngh tho meshes of the 
gauze, will make the lamp bum with incroused brilliance; and 
if tho gus is present in any quantity tho whole inner surface of 
tho gauze will be covered with a pule blue flame, but it will not 
communicate with tho ontside. If tho fire-damp should be so 
abundant as to oonstituto a third of tho volume of thu air, it is 
no longer combustible, and tho lamp will go out altogether. 
This will tell the minor that the atmosphere is no longer fit to 
breathe. Notwithstanding all xirecantions, however, tho number 
of accidents is still very largo; in 1868 the fatal cases in coal¬ 
mines arising from all causes amounted to no loss than 1,011, 
being nearly throe for every 1,000 men employed. 

Some inaohinoB have been invented for cutting the cool, and 
in tho face of snch statistics it will be admitted that every 
appliance which will rodneo tho mannal labour should be hailed 
us a boon. A variety of fiaionts havu bcon taken out for this 
purpose, and in some mines they have boon suooossfully used. 

■WTien tho coal is got —that is, broken down from tho seam—^it 
is pat into baskets or trucks, and conveyed to the main galleries, 
which ore usually laid with trams, and whore pomes are fre¬ 
quently employed in drawing the tmins of laden tmoks to tho 
pit bottom. Unlike tho pitmen, who always return to their 
houses above ground as soon as their day’s work is done, tliose 
ponies live below, stables being built for them near tho bottom 
of the downcast shaft, so as to afford them os much fresh air as 
possible. 

At tlio bottom of tho shaft the coal is transfowod to the 
square tubs, which are made to fit the shaft and run in grooves; 
when a signal is given to tho enginomim above, they are rapidly 
drawn to tlio surface. Tho ^tmon ascend and descend in tho 
same tabs, but when any oV these are coming up, a different 
signal is given. Iron wire reJe is now generally used for hauling, 
thodgh in some oases flat hempen ropes nro employed. ’Tho 
rope is generally wound round a large drum, and is often eo 
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arranged that one operation of the ongino raiscB .the tub in one The director-in-ohief of the mining operations is oolled a 
segment of tiie shaft, and lowers the empty om at the same Tiewer, who has his house and offices new the pit’s mouth; 

ia the other. By a dial and self-registering apparatus the the under-viewers have to see that all is going on properly 
engineman can tell exactly when the tubs have roaohed the below. The fitter has under his ohaarge the shipment and sale 
desired levri, a point whidh it is important he should know of the coals. _ . 

wizen two or more Boama are worked from the same shaft. Even when the cool is shipped the nak exploaioxiB la 


If the seam, or any part of it, should have a not altogether over. Xho time being iroquently 

eonsiderablo dip, an iaoliued plane worked by a O) very short between '^e woremg of the o<ml 

windlass is substituted for pomes in the main gal- and its being put on board amp, the gas m the 

j,. 21 ^ f/j X lumps of coal has not had time to escape, and if 

Moro than one seam of coal is often worked from 11 g \ the hatches of the vessel are closed down as soon 

the same shaft. In .^ning this the distance bo- // Y the coal is on hoard, tho gas given off, being 

tween them, and the strength of the intervening lighter than air, will ooUoot immediately 

rock, have to bo considered. If a lower seam is tinder the dock, and find its way out through soma 

worked first, the extout of the operations should little chink betwoou the bowds. If this should 

bo limited so as not to disturb tho overlying beds; happen^ to lead into the cabin, a person going in 

and where there is any risk of this tho upper seams after nightfall with a naked light woi^d^ probably 

ought to be exhausted first. A mine may, how- HHB be tho sufferer by an explosion of sufficient force 

ever, be well opened up, leaving large pillars to HHH to blow up all tho deck of the vessel. In some 

support the roof while tho upper seam is being l>ort8 regulations are made prohibiting the closing 

worked out. For this purpose blind pits are very of the hatohwnys for a certain number of hours, 

Kjften oonstmotod. They are small shafts, sunk at Simi in order to allow of tlio free escape of tho gas. 

any convenient part of the workings from ono HHj There need bo no fear of such a disaster after tho 

level to another, without being carried up to the SHH <ify; . 

surface ***’. liable to spontaneous oombua- 

The principal shaft cannot always bo sunk at tho «on. This is gono^ly oocaeioned by tho prosenco 

dip, as there might bo a village, or a river, or even of. ^ >«»“< decomposes 

the sea in tho W- In such cases tho drainage with the aotaon of l^o air, and in decomposing a 

water and also the coal as it is wrought will have deal of heat is evolved, suffioiont o^n to 

to bo brought uphill to tho pit bottom. If the sf the ooal on fire. Coal containing a go^ deal 

under dip workings oro to be carried to any eon- °f sm^l, e^ecially if it bo rather wot 

Biderable extent, a amall high-pressure engine is to this risk. If such a result is fe“-od ^ 

generally erected at the bottom of the shaft, which ^ to done is to turn it over n“d «pre^ 

pnmps toe water up to that level, and also draws f ‘ton* .m much as possible, so as to let toe heat 

up toe loaded trucks to toe same point. diffuse mto toe lur. tva 

We must now rotum to toe surface. Tho pit- ^ ^ foregoing desenpbons we have, for too 

men, when their day’s work is over (toe work pro- ^ sake of avoidmg confusion taken as our m^ol ono 

ooodhig night and day by relays of mon), arc rapidly jg of the large collionos such os arc to bo fo^d m 

drawn u^ in too empty ooal buckets, which at A toeNewcMtlocoal.field, «oeptwhereBpecialmen- 

^hor times would bo filled with ooal. Here, at too ®\) rion has been made to too contrary, 

pit's mouth, is a large esteblishment-toc pumping- Y \ however, vary groatiy in different pa^ of the 

engine, which. inVmino that has been oxtonsivoly country; many of them are very sm.^, ^d too 

opmTed out, wk be kept going constantly; and too - < ragomont of them much simpler. In 

.^ding-on^ne, oomUi with toe largo drum cS ' 

round which toe iron-wire rope is coiled, and which ^ ^ Dudley, to toe deep and elaborately 

is too sole means of oommunioating with those i^o. to too^ ports whero t^ coo 

below, to addition to this machinery is the stogo M close to the surface, and toe sinking of a sMtw 

or bank, to which the ooai buckets are transferred ^ u®* »■ ®®«®u® '«® 1"*“®: 

on arriring at tlie top, and whence too coal is un^ as acUve opemtions aM teansforred 

emptied ^t into tho wagons below, passing over f«>® ®“®,J®“tro to another, toe haul^^gmo 

toe screens on its way. Tho banksmen receive connected with the "®’^ ‘ 

too tubs on their arriving at too bank, and tip « «P® a «enes of wheels, fixed at intervida at 

them up over toe screens, which arc placed on a « It«®“® elevation above tho ground untd it rewhes 

slo^ hai^gtraaaverse m^hosn^ tho pits mouth. ^ 

mghth, of “ ^ work in that pit would Z 

that posses over such Bsoreon ^ terminated, and a fresh ono 

being lanked iw togo o«^ Fig. jo. » commenced on tho other side 

; wlitlu mnb m ™a JSfvaj *» wonld 

of railway jwt below /, miSo toough toe ro-fek on 

too lower end of toe screen^ if neoossary 

and too empty wagons are so a blind pit made until the 

plao^ that W® ®®^ Beam is out on toe further 

”*¥“• ta'Sd'm torn U» »m. 

rs£:u; “"rs2r«b.»».« 

pteyed tT^h for a^* brasses or pieces of slate, which tocy j tilted up so veiy much that the pitman stands upon too ^1, 
pickout and throw on ono side, such being injurious to toe and hu the roof and floor of toe bed as ®“ 

commercial value of too ooal. In toe largo ooUieries of toe and iSt. ^e shaft is then goner^y •«?*.“ 
norfch of England .the shipping Vrangoments at the seo-port and the ooal is worked by roniu^ galleMs * 
form a part^of tho establishmentV On arriving at the wharf levels along toe course of toe seam. S?®*® “*®*“^* 
or Btaito toe bolts which sooure to^ttoms of the coal-wagous mens of this m«^o of working oocm in ^ i^ghbouto^ 
^ a^ the oonteuts passXough and down a slfoot of Edinburgh, where toeeposition of the beds « very much 

into toe ship or barge whieh IIm floating below. disturbed. ( 




not altogether over. Tho time being frequently 
very short between the working of the ooal 
and its being put on board ship, toe gas in the 
lumps of coal has not hod time to escape, and if 
the hatches of the vessel are closed down as soon 
os tho coal is on hoard, tho gas given off, being 
much lighter than air, will ooUoot imme^toly 
under tho dock, and find its way out through some 
little chink betwoou the boards. If this should 
happen to lead into the cabin, a person going in 
after nightfall with a naked light woi^d^ probably 
be too sufferer by an explosion of sumoient foroo 
to blow up all too deck of toe vessel. In some 
ports regnlationB are mode prohibiting too closing 
of toe hatchways for a certain number of hours, 
in order to allow of too free escape of tho gas. 
Thera need bo no fear of such a disaster after tho 
first day. 

Coal is, howovor, liable to spontaneous combus¬ 
tion. This is gonorally oecosioned by tho presence 
of pyrites or sulphide of iron, which decomposes 
with toe action of tho air, and in decomposing a 
great deal of heat is evolved, suffioiont often to 
set the ooal on fire. Coal containing a good deal 
of small, especially if it be rather wot, is too most 
liable to this risk. If such a result is feared, tho 
beat thing to bo done is to turn it over and spread 
it out os much as possible, so as to lot toe heat 
diffuse into toe air. 

In too foregoing deacriptionB we have, for tho 
sake of avoiding confusion, taken os our model ono 
of toe large collieries such as arc to bo found in 
toe Newcastle coal-field, except where special men¬ 
tion bos been made to too contrary. Coal-mines, 
however, vary greatly in different parts of the 
country; many of them are very small, and too 
whole arrangomont of them much simpler. In 
short, there is every grade, from the open working 
near Dudley, to toe deep and elaborately organis;^ 
mine. In those parts whero too coal seams lie 
close to the surface, and the sinking of a shaft is 
not a Berions matter, too shafts are very nume¬ 
rous; and OB active operations are trausforred 
from ono oontro to another, the hauling-ongino 
is connected with tho now shaft by carrying tho 
tope over a series of wheels, fixed at intervals at 
some elevation abovo too ground until it reaches 
tho pit’s mouth. In such distriots as toeso, 
when a fault is roaohed tb^ 
work in that pit would be 
terminated, and a fresh one 
commenced on tho other side 
of too fault; whereas in a 
deep mine, if toe throw is 
not very groat, a drift would 
be modo torough the ro'bk on 
an incline, and if neoessoiy 
a blind pit made until the 
®®®“* “ ®“ ^® 
side of the fault, when the 
workings would oontinue to 
bo carried on from the same 
centre as before. 
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PRACTICAL APPLICATION OF THE FINE 
ARTS.—IL 

THE ART OP GLASS-PAINTING. 

Bj P. H. DsxuJtoTTa, FToteaaor of Dxairing, King’s CoHego, London. 


PtrBSOTNQ the plan that we have laid out, wo will first describo 
the style of designs stiitod for a painted window—not that tho 
man beginning, without proTious experience in tho art, to paint 
glass will nsu^ly be troubled in his early attempts about a 
design; if he be wise, ho will take soino design ready to his 
hand, either suggested by a bit of old glass or copied from 
a drawing in some of tho numerous works which givo speoi- 
mons of work, both ancient and modern, already in existence. 
Nevertheloss, it is adrisablo oTon for tho workman who not only 
does not design his own pattern, but evon for ono who never 
intends to do so, to have some general notions about tho 
character of tho drawing ho proposes to uso. 

Transparmicy .—Tho first point to bo kept in mind is that 
tho material employed is transparent, and thus differs cssen- ; 
tiolly from tlio substance of an ordinary picture. This gives j 
the artist a range of colouring, and 
of light and shade, which is denied 
to the painter of pictures. At tho 
same time, os glass is necessarily 
transparent, it will not do to have 
any portion so dark that it would 
bo entirely devoid of transparency. 

In fact, the amount of light to bo 
transmitted through tho window is 
a very important consideration. If 
the building possesses but few and 
small windows, it will not do to 
exclude much of the small portion 
of light admitted; and on tho other 
hand, should the amount of light 
entering bo considerable, deep- 
coloured and low-toned windows 
not only oonduoo to tliat “ dim reli¬ 
gious light” which adds mystery j 
and variety to colourless arohitco- 
tnral forms, but they are exceed¬ 
ingly agreeable to eyes wearied 
with the garish light of tho every¬ 
day world. 

Adaptation to Site, — Tho cha¬ 
racter, then, of tho edifice must be 
nonsnlted, and it is no less neces¬ 
sary to adapt the designs in tho 
windows to tho stylo of the archi- 
teeture. "What would bo pleasing 
in B Gothic building, would bo 

ridiculous in a Renaissance edifice; and what would bo suited 
tt> tho lancets of an Early English chancel, would bo incon¬ 
gruous in the largo lights of a Perpendicular west window. A 
study of ancient glass, therefore, in connection with tho architeo- 
tnre of tho period, is ossoutiol to tho perfection of designs for 
eoolesiastical windows at least, which form a very considerable 
portion of tho whole number of works of this kind. 

Another consideration that most enter into tho colonlations 
of the designer, is the aspect and situation of the window. 
In a window looking northward, a predominance of bl lo will be 
avoided, and more ruby and orange yellow will bo allowable 
than if the outlook wore in an opposite direction. Glass for a 
olerestoty, or other high window, would naturally be of a 
different stylo, and ought to be more boldly executed than ono 
which was intended to bo placed at a shoit distance from the 
eye of the spectator. Tho ancient designers of glass, like the 
ancient painters, were not above calculating the efioota produced 
by the probable position of the beholder, so that in a window 
which could tmly be looked at from some way below, the faces 
and limbs were lengthened to a most unnatui^ extent, in order 
that when fareshortened by the eye they might appear of a 
natnial proportion. Such ortifioes must still be adopted if 
windows are in very awkward positionB. 

Bad Drawing not necessary to (Bood Qlass .—Though in all 
• these matters the work of old masters not only deserves 


Fig. 1.— WINDOIV IN PAINTED QDABS. 


study, but is absolutely essential to the production of good 
work, there is one point upon wbioh it is necessary to guard 
tho lover of the antique. No worsiiip of medievalism will 
excuse an imitation of tho bad drawing and the false anatomy 
of ancient pictures. Tho painters of the present day, however 
ranch they may study and benefit by the instruction derivable 
from tlio works of the veritable Pre-Baffaelites, ore not often 
guilty of tho anauhnmism of imitating their drawing, so defec¬ 
tive from a want of knowledge of anatomy. It is snrely the 
part of a wise draughtsman te know how to “ reject the evil 
and to ohooso tho good,” amid the varied riches left by the 
ppreat but human giants of old time. The forms should be not 
only os good and as true as our present knowledge can moke 
them, but they should also 1)0 pleasing; and this is the more 
necessary in gloss-painting, for from tho nature of the material 
tlio outlines are more strongly marked than they would bo in 
tho kindred art of painting or even in many cases of scnlpture. 

Geometrical Patterns .—But whilst thus only giving general 
hints and recommendations of study of the best models os the 
best, and in fact only, preparation for producing designs for 
Gioso portions of windows that represent figures and scenes, we 
must remember that tliorearc fiortions which are easier of accom¬ 
plishment, more frequent in their 
occurrence, and about which it is 
possible to give more definite in, 
struotion. ^me coloured windows 
are formed entirely of, and few 
arc completely free from, patterns 
conveying pleasurable feelings of 
colour, form, and shade, but not 
intended to represent action or 
emotion. Many of these are made 
np of simple geometrical figures, 
ami in most cases the greater tho 
simplicity, tho better tho efi'ect; 
but oonvcTitional foriu.s of leaves 
and oilier natural olyeets, or of 
arcliituctural ornamentation, are 
intermingled witli a portion of ora- 
bos(|uo in almost all windows oon- 
toining human figures. 

lixample of Puthm .—A first at¬ 
tempt at glass-painting cun scarcely 
bo made with a bettor subjoot than 
wo givo in Fig. 1. Hero tho de¬ 
sign is excoodiugty simple and yet 
very offoetive. In the first place 
there is a tolerably wide margin of 
(so-called) white glass round tho 
outside. Tho oolour of this and of 
tho quarrels in the original window 
tN PAINTED GDASS. ^bi„is,,.gruen, somowhat 

of the pleasing tone to be seen on 
the hedge-sparrow’s egg. Tho longer slips between the diamonds 
are of rather a browner tinge, still very pale, tninsraitting a con¬ 
siderable amount of light through the whole window, Tho little 
beading parallel to tho edge of tho window is a dull yellow, 
corresponding to the tinge upon tho stalks in tho running 
pattern. This latter is evidently produced by tho stain ol 
silver (which will be explained hereafter). It will bo seen on 
close examination that this broader ribbon of colour is made 
up of nearly triangular pieces fitted end to end, so that the two 
together make a rather long oblong piece. Ono of these triangles 
consists of a deep and bright green glass, scarcely shadeil at 
all. The other is evidently originally of (so-called) white glass, 
on which the stems are stainod {i.e. yellow), and tho rest of tho 
forms are marked out by very deep shades of brown, thus 
allowing the eye to suppose that the green is carried on lionoath 
the stalks, which could not have bean done, ns will be seen 
hereafter, without great labour and a large quantity of lomiing. 
Tims the loading and the shades combine te carry out tho forms 
intended, and with very simple shapes of glass of only -^o or 
three colours a most pleasing window is produced. Tho loaws 
on the diamond-shaped pane i arc, of course, formed by sbodos 
burnt in, 08 will be described hereafter. 

It should bo romomboroy that it is always necessary to " 0^0 
a margin of light-coloured or even transparent glass around the 
whole framework of the window, os otherwise a portion of tho 
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defiigs 'will be lost whenever the ligrht eomeii in any direction 
exoeptin^ straif^ht through the opening. 

ITorfeing Dramiig. —When the design is completed or fixed 
wipon, it is nocoBsary to make a wording drawing the full size 
of the tetendod -window. This is usuaily done in oharocal upon 
white paper. This material, of eourie, affords groat facility 
for correction until it is finished and sot, and it also is capable 
of marking strongly the depth of the lines. The French glass 
painters make their working drawings with black chalk on blue 
tinted paper, heightening the lights -with white chalk. When 
this working drawing is completed, and tho colours denoted 
either by their names or by small patches of paint, the next step 
will 1)0 to mark in -the lines of the leading and tho lines of the 
^nchions. These stanohinns are iron bars crossing tho window, 
fastened to and supporting tho loading by which tho ■varions 
pieces of glass are kept together. Those bars are nsunlly iit 
fifteen inches apart, and arc seldom altered unless they interfere 
greatly -with oountonanoos or some other very prominent part of 
tho picture. They then can bo turned aside or romovod a few' 
inches, but it is astonishiug how littlo tho eye marks their 
interference when they ooour at regular intervulB. We re¬ 
member one iustanoo in which a village blacksmith hod made 
his stanchions in zigzags, in order not to distui'b a quarry-shaped 
IHittern—a demonstration of rustle taste and skill that dcaorvod 
cnoonragomont. In some coses oven, as in the Savoy Chapel, 
tho atone mnllions of a window are allowed to separate portions 
of ontstretehed limbs, without giving any feeling of discomfort 
to the beholder. 

Leadiim .—Tho arrangement of tho leading roq'uiroa judgment 
and care. In much of tho old glass wo see leads running 
across limbs, faces, and plain surfaces of drapory, and this is 
imitated by some of tboso who copy tho antique simply beoanso 
it is old; but as tlioro is every reason to believe that the 
ancients ^d not intend their pictures to be ihns disfigured, 
but -tiiat tliose linos are merely tbo result of fractures, it is 
acarcely wise of tho student of tho old moBters to adopt a 
eystom worthy only of the manufacturer of sham antiquities. 
Core should be taken then, in marking out tho lines for tho 
leading, not to intorfuro with tbo outlines of tlio design more 
than is absolutely necessary; at the some time it must be 
romomliorod that the heavy and thick glass that has to be 
employed requires frequent support, and that no very long and 
thin strips should be exposed to the stimn from which they are 
liable to suffer whon placed in tbo position assigned to them. 
The intrnduotion of frequent folds into drnimTy, or a doop line 
of shadow, will often relieve tlie workman from those diffle^ties. 
Here it will be found that a design thongh-tfully planned, with 
well-arranged breadths of light and shade, will already have an 
advantage in the more mechanical part of the working over 
a drawing, whioh -will also bo inferior to it in tho agrecabluness 
of its result, and whioh errs artistically in what is technically 
called reanf of breadth, that is, tho lights and sliadows are -tno 
mnoh out up, causing a spotty appearance. I 


APPLIED MECHANICS.—XIV. 

BIT BOBEKT STAWELI. BALB, M.A., 
frefowor of Applied HathemnUos and Ueohaniim, Boynl College of 
Scienoa for Ireland. 

PbOUE-MILLS. 

VTu propose in the present lesson to inquire into tho mechanical 
principles of that very important class of maohines which are 
employed in crushing or grinding. 

The fiour-mill has been soleoted, as being the most important 
maohiM of -this kind. Flour-mills have received -that attention 
io "thwr mechanical perfection which maobiuee eo much used 
BuiiltiaTe necessarily commanded. 

The atones which are employed in grinding com age of a 
epeoial^ ojiaraoter. Tho millstone is a siliceous rock tull of 
i^rstiees or cavities, whioh retain tho grain, and expose it to 
the action of the revolving stone. The intense hardness of 
th^^se stones prevents them from being ground away, and having 
their particles mingled with the fionr, as is the case when 
granite or sandstone, or other oomparatively eoft stones, are 
used for the purpose: a good paikof millstonee oan bo used 
for'twonty years. The prlaoipal quarry from whioh good mill- 
•toaee oan be procured is at La Fert^, in the basin of Paris. 


We extract from “ Tomlinson’s CyolopBadia ” tho following inte¬ 
resting account of tho manner in wldoh these stones are pro¬ 
cured. The ^d of argillaceous sandstone in whioh tho mUl- 
stones ore found seldom yields more than threo tMoknesees 
of miU-stoues; although spread over a oonsideiablo plain, it is 
not always of suffloiontly good quality to be worke<l. Tho good 
stone is discovered by sounding. In some places it opens into 
vertical cracks, whioh allow tho 
stones to be got out vertically, 
and these prove to be of tiie 
most durable kind. Tho works 
are quarries, not mines, fur tho 
loose nature of the superposed 
rook does not allow of the more 
economical method of dri-ving 
gaUeries underground. 

“ The water, which is rather 
abundant in the works, is raised 
by moans of buckets attached 
■to balanced lovers, which are 
worked by ohildron, who raise 
the buckets from stage ti> stage. When the qnanyman has 
arrived at the bod of millstone, ho strikes it with his hammer. 
If the stone yield a good sound, it is known to be of excellent 
quality and largo size. If the sound bo dead or dull, it ■will 
supnrate in getting out. The man then gets out a mass of rock. 
Olid shapes it roughly into a cylinder, whioh, according to its 
height, will furnish ono or two mill-stones ; ho sometimes gets 
three, but never mure than that number; he then cuts a chan¬ 
nel about four inohos deep round this cylinder, for -the purpose 
of separating it into two mill-stones, which ho does by driving 
into a channel two rows of wooden wedges, whioh are gradually 
and equally driven all round, until the mass splits asnnder. 
The man occasionally applies his ear to the mass, to ascertain 
that the line of fracture is following tho right direction. Whon 
millstones of large size are required, the fragments of stone are 
dressed into 'their proper shape, cemented together, and united 
by iron bands. Stones of ttiis kind are largely imported into 
England and America.” 

Tho diameter of -the millstones most frequently used is four 
foot, and their thickness about twelve inches. In the composite 
stones about half the thickness only is composed of the silicoous 
millstono, the remainder consisting of plaster of Paris. The 
lower stone is carefully dres;^ to a flat surface, but the upper 
stono is made slightly hollow for a small distance from the 
central ai>ertiu'e, in order to admit tho groin. 

Tho surfaces of both stones are out into grooves oblique on 
one side and vertieal on tho other, so that when tho upper stone 
revolves, tho edges of its grooves meet the corresponding edges 
on the lower groove 
like a pair of saws, 
and thus divide the 
grain. Wo proceed to 
dosoribo the manner in 
whioh the millstones 
are mounted, and tho 
mechanical oon- 
trivanoes by whioh the 
motion is produced and 
regulated. 

The lower of -the 
pair of millstones is 
fixed, while the upper 
rota^. The vertiaal 
spindle whioh tarns 
the upper stone passes 
through a hole in 
the lower stone, while 
the eom is intro¬ 
duced -through the 
hole in the upper stone. We shall first describe the adjust¬ 
ment of -the lower millstone (Fig. 1). a b o is the iron ease, 
in whioh i^e lower millstone, x T z, is plaoed. The stone is 
held firmly by the sorews p, q, b. It is esseuMal for the 
proper working of the mill that the acting surface of tiie 
lower millstone be exaotly horizontal. This is to enable tiie 
pressure of the upper unUktone to be perfectly uniform. The 
lower stone, instead of resting direct]^ upon the bottom of tfie*-' 
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case, iH mpported upon three eerewe, h, x, N; theee eorewa 
TTork in bolea, irbioh have been tapped at the bottom of the box. 
Three points in apace determine the poeitioa of a plane, conae- 
qnently eren thong^h the lower surface of the millstone bo un¬ 
even, the upper surface can be mode horizontal. The mode in 
which this is accomplished is as follows :—By moons of the set- 
sorewB P, q, b, the millstono is placed perfectly central in the 
box; a pair of spirit-lovels, at right angles to each other, are 
then placed nijon the,stone ; by means of a spanner, the heads ‘ 
of the screws L, ii, N are carefully iiinied, until the eijirit- 
levels show tho upper surface of the millstone to bo horizontal. 
The sot-screws r, q, b are then Anally tightened, in order to 
maJke the miilstono Ann, and tho setting of tho lower stone is 
complete. 

The prooosB here described of adjusting a plane by means of 
three screws like i,, m, k is worthy of attention, as it is of tho 
utmost importisnee in various ports of mechanics. It should be 
noticed that less than three screws would not bo sutAcicut, and 
that more tluin tlireo would bo superAnons. 

In Pig. 2 is shown in a diagrammatic manner tho relative 
arrangomeiits of the miUstoncs and tho mechanism by which tho 
upper stone rotates, ii is tho lower stone, A T is tho vor- 
' ti<^ spindle pr -<'iig through n, which turns the up^ior stone 
M. B 0 is the wh tfi. by which motion is eommunicatad to'tho 
difforont pairs of stones throughout tho mill. Tho Ay-whocl of 
tho engine winch turns tho niiU is usually toothed, and gears 
into a pinion upon the shaft b c. If 
tho mill bo worked by water-power, 
then the shaft b c: receives motion 
from a pinion, which is turned by a 
largo toothed wheel on tho axle of the 
wator-whool. This shaft communicates 
motiun to each pair of millstones by 
the pair of boveUed wheels r, q. Tljo 
wheel l* being larger than q, the vertical 
spindle is mode to rotate more rapidly 
than tho shaft n c. Thus, if tho wheel 
P has throo times the diameter of q, the vertical spindle will 
rotate throo times as fast as tho shaft ri c. When a pair of mill¬ 
stones is to be tlirown out of gear, the pinion q is raised until its 
tooth are free from tho wheel p. In order to allow of the sliding 
movement of the pinion upon tho vertical spindle, the pinion is 
not keyed to the spindle. Tho nature of tho connection is shown 
in Kg. 3. A represents tho pinion seen from above, s is a 
ridge on tho boss of the pinion, which Ats into a corresponding 
groove in the shaft l* ; thus the pinion is free to slide up and I 



Having drawn ilie pinturo and horizontal lines, the line of 
direction, c s, etc., construct at s the angles esc' and n s b', 
corresponding with the angles c A c' and B A b' in Fig. 48. 

Produce the lines of tho angles so as to moot the horizontal 
lino in vpI and vp2, and And tho measuring-points, os already 
shown. 

Proceed to project tho square plan of the block by means of 
tho vanishing-points and mcasnriiig-points, as in previous Agnros, 
and thus obtain tho Aguro a b' u c'. Draw tho diagonals o' b' 
and A D, and produon the latter until it meets the horizontal line 
in tho vanisJiwg-poinl for ihc diagonal, v a. And now all the 
lettering will refer to Kg. 47. 

From A sot off b, and from b set off f, equal to tho length 
which the plinth projects beyond tlui upper block. From e and 
V draw lines to tho measuring-points, enttiiig A n' in k' and f'. 
From K' and v' draw lines to the vanishiug-iioiiits, ontting the 
diagonals in c, g and /, h. Join these points, and tho Agure 
cfhg thus obtained will bo tlio plan of the np])or block. 

At A erect a perpiiiidioular of indeAnito height, and on it mark 
a, the real height of the front edge of tho plinth. 

From a draw linos to tho Tatii.shing-points, and from b' and c' 
erect porpoudiculars, mooting these in b and c. 

From h and c draw lines to tlio v.anishing-i)oint8, intersecting 
each other in d, which will comi)lcte tho plinth. 

On the upper surface of this, draw the diagonals c h and a d, 
and produce tho latter until it meets tho horizontal lino in v V. 

From B in the plan, erect a perpendicular, cutting tho dia¬ 
gonal a d in e'. Then t' is tho position of the angle of tho upper 
block. 

From c' draw linos to tho vanishing-points, cutting tho dia¬ 
gonal (■ b in /' and g'. From /' and g' draw linc.s to tho opposite 
vanishing-points, intersecting each other (on a d) in h'. This 
will complete the plan of the upper block, projected on the 
upper surface of the lower. 

Now, on tho pcriiondionlar A mark off A e, the ro.al height of 
the upper block ; and from L draw a lino to v I), (.rntting the 
porpondieular ec' in ni, which will bo tho iierspeetive height of 
the object. 

From /' and g' erect porpondieulars ; and from «t draw linos 
to tlie vanishing-points, catting tho porpendioulars in n and p. 
From n and p draw linos to tho opposite vanishing-points, inter- 
seotiug in o; and tills will oomx>leto tho projection of tho object 
in the required position. 

Exbkcise S.I. 

Put into perspective the object shown in Pig. tfi, when staadiug on 
the right side of tlie spectator, at a distance within the picture, the 


down along the shaft, though when tho pinion revolves, it must 
carry tho shaft with it. A ring undomoath the pinion, which 
can be raised or lovollod by a screw, onablos tho machine to bo 
thrown into gear or out of gear with facility. Wo shall presently 
see that the power possessed by the spimUe of sliding through 
the pinion is of importance, for a more important object than 
that of a disconnecting gear. 

A (Kg. 2) is tho stop in which tho lower end of the vertical 
spindle works. Tho upper bearing of tho spindle is Axed in tho 
lower millstone. Tho upper end of tho spindle is not rigidly 
attached to the upper millstone. In fact, the npper millstone is 
attached by a kind of universal joint. Through tho end of a 
spindle is a cross-piece t ; tho ends of this oross-pieoe are cylin- 
drieal. The bearings of these oylindrioal ends are in a piece, K. 
£vei] thiewpioee is not rigidly attached to the millstono. Tho 
oylinders B x, attached to K, work in bearings on tho miUstone. 
Thus the millstone is capable of rotating slightly about either 
’of two horizontal axes at right angles, and therefore of rotating 
«l>ont any horizontal axis. By this ingenious an-angomoni; the 
utmost faeiAty is allowed to the upper millstono of adjusting 
itself, so as to work os smoothly os possible over tho lower 
stone. 

PRACTICAL PERSPECTIVE.—X. 

It is iutanded in this lesson to show ttie method of putting 
into peespeetive tho same object when its sides are plaood at 
nngles to rite piotura-plano, as shown iu Kg. 48. 

As ttie vanishing-points wifi, in the present study extend far 
beyond the limits of the p^, a diminished copy (Fig. 49) of 
^ first working linos is given os a gfiide in starting. The 
tttlarixv in thisBORuspon^ irith (hat ^ the lasger fignta 


front of tlie phutli to be parallel to tbo picture. Tbo measuxementz 
to be as followScale, I inch to the foot. Height of spectator, fi 
feet; distance, IS feet; side of plinth, fi feet wide and 3 feet high; side 
of npper block, U feet wide and fi feet high; distance on left of spec- 
I tutor, 4 feet; distance within the picture, 7 feet, 

Exbbuise 3G. 

Tho same olyoct to bo put into porspeetive, when one side of tbo 
plinth is at 40° to the picture-plane. All the other ciroumstances as 
to distance on the left or right of tho spectator and within tho picture 
to remaiu the same. 

Pig. 60.—The prosont subject is more an application of 
tho last study than an absolute lcs.son, and therefore it is not 
lettered; so tliat tho stinlont may bo thrown more upon his own 
mental rcsouroos, and hoeomo graiiually oucustomed to “ think 
out ” tho working of perspective forms. Unless he does this, 
the whole of his exertions will end in his oopying the 
diagrams; and then by for more harm than good will have 
been acoompliabod. The author has oudeavourod to vary tho 
lessons, and urges on tho students the importenoe of lurn'king 
every example to different meamrements and wntler different 
evrcumetances to those given in the text. It may sometimes 
oeonr that one lino is absolutely hidden behind another; and 
tho studoq^ may And himself in difficulty if he ilipesid only on 
tlie diagram to know how it is that ho gets two linos instead of 
one. He rubs out, repeats his work, and with tho same result; 
the cause being that his objeot may have been plooed ^ of an 
inch moro to the right or left, of the oontre of the picture, and 
that thou the line previously hidden will become visible, and his 
result may bo just as correct a^tho example. 

Agaip, teachers who adopt tl^so lessons (written by one who 
has spent twenty anxious years in teaching the subject) are 
recommended to use the black-board for general Qlnstiation 
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Iwriflontal line, the aame e^s- 
tem ia followed at the given 
^■tanoe above, the oorreepond- 
iag efleot will be obtained. 
Thne, when the plinth has 
been drawn, the abaoua, or 
upper member of the pier, 
b^ng the name in every re< 
epoct but its height, ia drawn 
in precieely the aamo manner, 
the lines proceeding to the 
centre of the pioture down* 
words instead of upwards. 
And as perpondionlars ore 
drawn from the points in the 
diagonals on .the plan, they 
will out the ^gonals in tho 
tmder surfaces of tho blocks 
above tho horizontal lino in 
tho exact points required. In 
this manner the whole object 
may be completed. 

Exkscisb 37. 

All the oonditious os to height 
and distance of the spectator 
being the same as in the last 
figure, put the same object into 
penpeotive, when at a given dis¬ 
tance within tho piotnre. 

Exeucisk 38. 

Put into perspective the same 
ohjeot, when the aides ot the 
plinth are at 40° and 50° to tho 
pictnie-plono. 

Kg. 51.—This snbjeot is a 
aimplo Btdoboard. It will be 
seen that tho blocks on each 
side rest on plinths, as the 
upper block does in the last 
lesson, and they will therefore 
be projected in tho same way. 

The slab forming tho top of 
the sideboard, however, is of 
the same size as tho plinths; 
and its projection on each 
side is therefore governed by 
porpendicnlors raised from the 
angles of the plinths. 

When the front edge of the 
top has been completed, lines 



ore dxawn from its extremities 
to the oentre of tho pictiite; 
and these would be terminated 
by a horizontal line drawn 
from A, the point at which a 
perpendionlar raised from the 
distant onglo of the pUnth 
would interaeot the line drawn 
to the centre of the pictore. 

But this back line would 
not bo visible, siuee the back 
of tho sideboard would rest on 
it, and the line which would 
bo seen would be that of the 
junction of the npright back 
with tho top of tho sideboard. 
Thoreforo, within the point 
on the piotnre-line from whioh 
a line was drawn to the point 
of distance in order to find the 
distant angle of the plinth, 
set off tho real thickness of 
tho back, and draw a line to 
tho point of distance. This 
will cut tho recoding line of 
the plinth in b ; erect a 
perpendicular at b, and this, 
catting tho edge of the top in 

G, wiU give the place for the 
book line, o D. 

At c and t> erect perpendi¬ 
culars, and at Jc erect a per¬ 
pendicular, B F, equal to the 
height of the bock at each end. 

From F draw a lino to the 
Centro of the picture, cutting 
tho porpondicular at o in a, 
and a horizontal from a will 
cat the peipondicular at u in 

H, the other end of the back. 

Bat tho bock is not straight, 

but rises in tho middle; there¬ 
fore, having found i, tho mid¬ 
dle of the front edge, erect a 
perpendicular equal in height 
to tho middle of tho back. 

From I draw a line to tho 
centre of tho picture, cutting 
tho bock line in k ; and at K 
erect a porpondicular. 
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From t dmv a lino to tho oontro of the picture, catting the 
pnpaadionlar x in i,; draw a l and H l, which will complete 
tlu perapeotire elevation of the booh. The detail will be 
ondemtood without further explanation, and this elementary 
form may be finished or varied according to taste. 

Bxebcisx 39. 

Fat the siime lidebourd into perspective when shuidine: at a given 
fiistanoe within tho picture, 

Exbbcibe 40. 

Ihit into perspootiro the sanio olgect when standing at a given 
distance within the picture, its end being parallel to the picture-plane. 

Exbscibe 41. 

Fat into perspeotire Uia same object when placed so Ibat tho front 
of it is at on angle of 50° to tho plotnro-plauo. 

Exxbcibe 42. 

Put the tame sideboard into perspective when its front ie at 50° to 
the picture-plane, snd when the o^'eet stands at a givon distance 
witl^ the pletnn. 

CHEMISTEY APPLIED TO THE ARTS.—X. 

BT CEOBQE GLADSTONE, P.C.S. 

LUCIFER MATCHES. 

Those who are of middle ago will romomber seeing in thoir 
young days the tiudor-box with lU fiiut and steel, and tho 
matches tipped, at each end with brimstone—according to tbe 
present notions, a very clumsy apimratus for prodneing a light. 
Tho modern lucifer is indeed so vastly more convenient, and has 
so rapidly displaced the old process all the world over, that tho 
old tinder-box—which was considered so indispensable till nearly 
the middle of this century—bids fair to bo soon entirely for¬ 
gotten. Tbe luoifor was indeed truly dosoribod by tho Chan¬ 
cellor of the Ezohoquor in liis recent Uudget as “ among the 
most splendid boons— though it sounds an humble thing in 
itself—^whioh science has given tri man." 

The remarkable cheapnoss of thoir cost tends, no doubt, to 
very considerable waste in their uso, it having been calculated, 
as far back os 1850, tliat the dally consumption in Groat 
Britain was about 240,000,000, otpial to eight lucifcrs por day 
for every man, woman, and child. At that time only about 
fifteen years had elapsed since thoir invention. Now that a 
second fifteen years hits passed, tho consumption is probably 
muoh larger still. During tlio earlier term four-fifths of tho 
Incifors used in tins country were of foreign manufacture, very 
large quantities being made in Germany. Sinco then very 
extensive works liavo boon established in England; and in 
addition to the homo consumption, they form an important 
article of export to all parts of tho world. 

Tho trade may bo divided into tliroo principal classes:—1. 
The wooden match, to which tho simple term “ Incifcr ” is 
ordinarily cq)pliud. 2. Tho vo.stas, in which a thin wax taper is 
substituted for tho wood. 3. The fusees, which ore principally 
used by smokers for kindling tobacco. 

The first is by for tho most important mannfac.turc—being 
twelve times os great as tlio second and third xmt together— 
and will ohiim principal attention. 

The splints of wood are somotimos rectangular, and at other 
times rounded j the latter having a much neater and more 
fiiiiahod appearance. Tho former are prepared as follows. Soft 
pine wood is taken and sawn up into blocks of a certain siso, 
so as to fit tho splitting niaebine. Tho block of wood being then 
fixed firmly in the proper reoept.aclo, a frame containing a row 
of sharp-cutting points is, by tnruiiig a handle, modo to pass 
over the wood in tho direction of tho grain, each poijit cutting 
into the wood to the depth of about tlio eighth of an incli. 
Another motion is then communicated to tho machine, which 
brings a knife-edge against the block, and slioo-s off a layer of 
the wood to ft similar depth. Tho splints (at that time double 
the length thoy are nltimstely intended to bo) fall down com¬ 
plete into a reoeptoele below. These alternate actions of tho 
maohine exmtinue rapidly, until the whole blook is thus cut up. 

Tho manufacture of the round splints may be oonsidoied even 
simpler than the foregoing. The cutting maohine consists of a 
solid plate of metal, which is pei^orated with round IioIim os 
dose together as poasiblu, and slightly countersunk in front, so 
H to present bIimt catting edges. The pieoe of wood to bo 


operated upon is placed immediately in front of the perforated 
plate, BO that the cross section of the vojd rests ogeinet it. 
Preesure is then applied at the other end, and the whole hlook 
of wood is ultimately forced through tire perforations, ooming 
out on the other side in the form of long thin toond pipes, 
smoothly out and highly oompressed. 

The splints are tied up in bundles of a thonsand each, and 
then thoroughly dried by being left in a heated chamber for some 
time. The next proooss is ordinarily to dip the ends in molted 
sulphur, which is commonly done by hand, the dipper giving to 
the bundle a kind of twist which makes the ends spread out a 
little, so that they got coated all round with the sulphur, sad do 
not stick together in cooling. Each end is dipped in turn; and 
when dry tho bundles are cut through the middle by a oircnlar 
saw, thus making them tho exact length ultimately required. 
The object of dipping them first in sulphur is to supply a 
Bubstanoo which i^l readily take fire on the i^tion tho 
compound with which tho end is afterwords tipped. The fumes 
of burning sulphur are, however, disagreeable, and some matches 
are therefore made without it. In this ease the ends of the 
splints are slightly carbonised by pressing them for a moment 
upon a plate of r^-hot iron, and then just tonohiug them with 
some molted steariuo or paraffin, a small quantity of which is at 
once absorbed by tho wood. These bum even better than the 
preceding, os tho wood then takes fire immediately, while in tho 
others it does not until tho sulphur is nearly burnt out. The 
stearino or paraffin is mure exp<msivc, but on the other hand a 
much loss quantity will answer tho purpose i and tho matches so 
made ore altoguthor preferable to the consumer. 

Tlie next step is to apply tho material which is to bo the 
source of fire, and which must bo of such a nature as to take 
fire readily on tho use of a modorato amount of friction. Wo 
must first ennsider of what tins is composed, and then the 
manner in which it is applied. 

This oomposition is mode up into a pasty mass, tho most 
impoitaut ingredient being })hosplionis ; but both the i>ropor- 
tions and tho snbshliary articles vary very greatly in different 
manufactories. Tho object is to make a paste, which when 
dried will not bo affected by exposure to tho atmosphere, which 
may be readily ignited with moderate friction, and which shaE 
bo Buflioiontly tenacious to adhero firmly to the end of the 
splint, until tho wood has taken fire. 

Ordinary phosphorus cannot be preserved in a dry condition 
in the air, as it rapidly oxidises and takes fire spontaneously, 
emitting very poisonous fumes at tho same time. It has, there¬ 
fore, to bo kept constantly undor water, and, except in oom- 
binatiuu with other substances, would be most unsuitable for 
domestic use. 

Chlorate of potash, which is a highly explosive substance, is 
free from some of tho objoctions attaching to phosphorus, and 
it is Bubstitutod for it by some makers. Most, however, use a 
little of each in their paste. The worst feature of the ohlomte 
of potash is its readiness to explode on a very slight con- 
onssion, and tho violence of its action throwing off sparks, 
which might prove dangerous. Those oontaining muoh of tliis 
article may be recognised by tho sharp detonation with which 
they go off; those which arc caJIcd “ noiseless Inoifers” con¬ 
tain no chlorate of potash. 

Tlioso are the two principal light-booring ingredients. Tlie 
rest arc glue or gum, to give them coherence; some fine sand or 
pulverised glass, to give increased friction; and sonlo sub¬ 
stances which will readily give up a largo amount of oxygen, 
such as nitrate of potash, tho peroxides of lead or manganese, 
and snlphide of antimony, to promote rapid ignition. Some 
mineral coloming matter is added, according to the fancy of the 
manufacturer. 

It will be quite unnecessary to go into detail as to the 
relative proportions which may bo used, for they may be varied 
almost infinitely. Even tho most important ortiole of all, the 
phosphorus, varies in quantity from 5 to 50 per cent. The 
larger proixirtions are generally to be found in those which 
oontnin no chlorate of potash. The Inoifers made on the- 
Continent are compounded with gum; but in England glne ie 
generally used, because of the greater humidity (ff this 
climate. 

The plan adopted in i^ixing the iUgredients is ee follows:— 
The glue te broken into small pieces and put into cold water, iii 
which it ie left to soak for eome time; it, is then boiled up 
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gantry nstil ttioroaglily disaolved. pot is then taken Boiiption it will naturally be inferred that the action of the red 

08 tte fire, and the raqiiiied proportion of pfaoaphoms ia ia not ao atrong, and it is found neoeaaary in practice to nso a 
gradoally added. It melta immediately with the heat of the larger quantity, which considerably adds to the expense, pboa- 
watery glue, but it must be kept constantly stirred to make phorus of either sort being very dear. A larger proportion of 
it mingle thoroughly, care being taken to keep it below the 1 chlorate of potash and of the oxygen-supplying compounds ia 
surface of the liquid The other articles are then added, and therefore substituted, if a match ia to bo madu of the red phos- 
tbe stirring m a in t aine d with vigour, os the compound thickens phorus, which will take fire on any friction Being applied in 
both with the cooling, and with the addition of the solid ingre- the usual way ; but these are liable to the risk of ignition 
dients; it must, however, be kept in a pasty condition, and friction accidentally ap^died, which will not occur in the case of 
therefore the temperature is not allowed to fall below about 97® the safety match. In these the chlorate of potash and one of 
Fal>ro“l»eit. the metallic salts is made into a paste with glue, and the 

The paste is then spread in a thin layer upon a fiat table of is dipped into it, os already desoribed, while a second paste. 


marble or iron, which Is kept just safBoiently warm to maintain 
the glne in a soft condition, until the dipping has taken place. 
If gpim be used instead of glne, no artificial heat is required at 


consisting of the amorphous phosphorus, some more of the 
motnilic salt, and a little glue, is made, and spread on the 
rubber in lion of sandpaper. Jly thus dividing the ingredients. 


this stage of the process, os it will not solidify by ^e mere no action will take pl^, except on application to the rubber 
cooling. Tl» paste is spread evenly upon the table to an exact prepared for tiie purpose. 


depth, so that in dipping the mateshes one sbaQ not got a larger 
sh^ of the composition than another. 

The dipping is either done entirely by hand, or with the 


The Tostos—the aristocratic match, os the Bight Hon. 
Bobert Lowe called them—arc principally to be distiugaished 
by the substitution of a waxed cotton for the wooden splint, The 


assistance of a frame. In the former case the workman takes a j tapers are made by fixing a number of pieces of ootton thread, 
bundle of splints tied up with a piece of string, and by pressing , slightly twisted, in a frame, and then passing them through 
it between his hands and imparting to it a certain twist at the | melted wax two or throe times, until they acquire a coating of 
same time, ho makes the ho^s to separate a little, much in the | sufficient thioknese; to make the surface of the wax smooth 
same way as in the sulphuring process already described, though and bright, they are afterwards drawn tiirough a perforated 
not to Bueh an extent, ae ho is now dealing with wood of only j metal plate. The taper being less rigid than the wood, a larger 


half the length. The ends are then brought into oontaet with proportion of phosphorus is required to bo used in making the 
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the paste, receiving only just suffleieut for the purpose of 
striking a light. Consumers, however, generally prefer those 
matches which have a good head to them, and as in bundle- 
dipping they would all stick together if so much of the paste 
wore used, the frame is need in preparing the better class of I 
goods. 


paste, so tliat less force may bo needed when rubbing them on 
the sandpaper. 

Fusees have cardboard or paper as a foundation. This ia 
thoroughly saturated first with nitrate of potash ; then out 
into strips, and the paste applied to the edge by means of a 
spatula, after which they are laid out ou a rack to dry. Tho 


The frame or clomp consists of a scries of separate pieces of ^ nitrate of potash which has boon absorbed by the paper, causes 


wood fifteen inches long, one inch wide, and a quarter of on inch | 
thick, the under side of which is ouverod with list, and the 
upper contains small transverse grooves onc--fifth of an inch 
apart, and just snlficiently large h> luild u sjilint. Children 
toko these pieces of wood, and lay a splint upon caoh groove, 
and 08 soon as one is thus charged they lay tho next one upon 
the top of it, and proceed as before. Tlio list keeps the splints j 
all steadily in their places, notwitlistanditig any trilling irregu¬ 
larity in their size. Wlion tho required immber of rows is com- , 
plote—oontaining in all about 1,600 matches—tho frame which j 


it to burn slowly and oontinuously, even though exposed to a. 
strong current of air. . ^ -- 

J’EINOirLES OF DESIGN.—XVL 

ET CHUIHTOniEB DRESSEK, rn.I>., I'.S.L. 

JWAI,I, DKCOBATIONS {eanUnved). 

I’nrtKtiiNG our enusidoration of wall decorations, wo notice that, 
just as tho ceiling ornament must accoial in character with the 
areliitecture of the room in which it is placed, so must the wall 


holds them together is screwed tight, and it is then passed on | decoration be of tho same stylo as tho architecture of the room. 


to tho dipping department. 

Tho dipper stands at his table of paste, while the frames are 
handed to and fro by boys. After dijipiiig, tlioy arc loft to dry 
for throe or four hours in the air, and then are placed in a 
heated chamber fur two hours, the tomporatnro of which is 
maintained at from 80° to 90° Fahrenheit. 'Iho luoifcrs are by j 
that time finished, and ready for ]iac 1 viiig, wbioh is done by ; 
women and children. In the stoving and the {tacking great pro- | 
cantions have to be taken against lire. The peojtlo are supplied j 
with cisterns of water in wbioh to dip their hands if neocssary, 
and each one has a small box of sawdust in which to thrust 
any Inoifer that may be aooidentally lighted. 

Some patents have been taken out for cutting, dipping, 
drying, and .packing tho matches by machinery ; and, indepen¬ 
dently of eoonomioal grounds, it is desirable that manual labour 
should he saved as much os possible, the work being both un¬ 
healthy and dangerous. In the best-rogulatod establishments 


Indeed, whatever we have said in a former lesson res|)ecting 
tho harmony of tlio ceiling dccoratu<n »ith the arciiiieeturo of 
tho building, api>lies equally to tlic oniamcrt.-ilion of the wall, 
if not ovon more fuicibly, if tliis be {tossible. 

It has been customary to arrange walls into panels when 
decorating them, and of this mode of treatment wo give one 
illustration (Fig. 49); yet nothing can bo more absurd tlian such 
a treatment, unless tho wall is architectuialJy (struuturally) 
arched. A wall may bo so formed th.al some {lorts are thick, so 
as to give the required strength, while other portions arc thin. 
In such a case tho wall would bo formed of arched recesses and 
thickened piers alternately. This being the case, tlio decora¬ 
tion should bo so a])p 1 ied as to em)jhasiFO, or render apparent, 
this arched stracturo; but if the wall is of one thickness 
throughout, its division into arches is absurd and foolish. 

We sometimes see gi-cat follies, and even gross untruths, 
poriietrated with tho view of bringing about tho so-called 


these objections are, however, reduced to a minimnm; and i decoration of a room. Thus it is not unfrequentlj that we 


aggravate forms of the phosphorus disease arc becoming very 
rare. 

A more general use of the safety matches would perhaps bo 
the most satisfaotory way of obviating every objection, as there 
is a certain amonnt of danger attending the use of the ordinary 


moot with imitation pillars, recesses, and arches as the so- 
oallcd ornamentation of a room. 

In low music halls, we are not surprised by such deoor.ations, 
for we do not look for truth or - any manifestation of delicacy 
of feeling in such places. Falsity and tho untrue appear in 


luoiferB at all times. If dropiied upon the fioor they will take natural juxtaiwsition with the debased and the vulgar. Sham 
flw when trodden upon; and even children have been known ' marble pillars, a fictitious and merely mutative architeediare, 
to poison themselves by sucking the paste off the ends. The an assumed and mireal, yet coarse and vulgar gorgeousness, 
absolute hannlessness of the safety matches is due partly to are tho natural adjun«ts of immorality and vice; but such 
the use of tho red or amorphons phosphorus instead of the falsities cannot be tolerated in the abodes of those who pretend 
ordinary description; and, secondly, to the mode of its applioa- to parity and truth, nor in the buildings which they frequent j 
tion. This variety ie not liable to sjiontaneouB oombnstion; yet even tho new Albert Hall has sham marble pillars (Isay 
it win not bum except at a pretty elevated temperature, thi^to our shame), and recently I visit^ a church near 
aBdi* is not poieonous; so that it ilfroe from all risk, both in Edgwnre, in which there is a. display of false decoration such ae 
XDaiMfaotare ivnd iw the subsequent use* From this de- 1 never before saw. Here wo find sham pulare, giving a fslsw 
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&Tohitootim; Bham ni(dtoB, containing shorn Btotnea ; sham 
dauda, fonning an obanril coiling; and almost evcTy falaily 
which a falsely oonstitntod mind could perpetrate- 

How strange it is that in a church, whore parity and truth 
ore taught, the whole of the docorations should be a sham ! It 
is said tliat if you want to hear a fierce quarrel, and to boo true 
hatred, you must seek it in rcligioiu sects and theological dis- 
ouBsionistB. On the same principle, I suppose, we must pre¬ 
pare ourselvea for a display of the worst art-falBity in the 
sacred edifloe. Perhaps the idea is that of contrast. As the 
teetotal lecturer had a drunken man by him as a frightful 
example of what wag to be avoided, bo the decorations of this 
church may be intended as a warning, rathor than as an example 


let. Harmony of oolonr depends u^n great exactness of tint. 
This exactness is rarely attainable in the ease of two marbles. 
One stone may, however, be brought into direct and perfect 
harmony with a coloured wall, by the tint of the wall being 
oatofttUy suited to the marble. 2nd. The true artist thinlu 
loss of the oostlinoBs of the material of which he forms hie 
works than of the ort-effoot produced. Thus the old Greeks, 
who were full of art-feeling and refinement, colonred the build¬ 
ings which they constructed of whito marble, and they certainly 
thereby improved them; for ooloor, if harmoniously employed, 
lends to objects a new oharm—a charm which they would not 
without it possess. I must furtlier say, before leaving onr 
present subjeet, that all walls, however decorated, ^ould 



of what should bo followed. Happily such ohnrehes as this are 
rare, and it can bo truly said that ooolesiastioal arohitocturo and 
decoration has made groat strides with ns in recent years, and 
that in very many instoncoa it is rigidly truthful as well as 
beautiful. 

Before leaving the oouBidoration of wall doeorations, I mnst 
object to all unitatious, as sham marbles, granites, etc., for no 
wall can be satisfactory which is to any extent a display of 
false grandeur; and this is onrions, that in many oases it costs 
more to produce an imitation marble stairoaso than it would to 
line the same walls with the marbles imitated. I have known 
,a cose in which the imitation has cost double what the genuine 
stone would have oost, and such a ease is not exceptional, for 
Imnd-polished work is always expensive. To imitations of 
Htnarblea and granites, as I have alr|ady said, I strongly object, 
and of the genuine stone I am not fond, nnless sparingly and 
jndioioualy used. 2Cy objectkaui to its free use axe these:-— 


serve as a background to whatever stands in front of them. 
Thus they must retire even behind the furniture by their un- 
obtrusiveneas. 

The order of arrangement in furniture mnst be this. The 
living beings in a room shouhl be most attractive and oon* 
spiououB, and the dress of man should be of such a ohiuraoter as 
to seooie this. Ladies can now employ any amount of oolour in 
their attire; but poor man, however noble, cannot by his drsss 
be distinguished from his butler; and, worst of aU, both aze 
I dressed in an nnbeooming and inaxtistio manner. Next oome 
I the furniture and draperies—the one or the other having promi- 
' nenoe aoeording to eiroumstanoes; then oome the and 
the floor, both of whioh are to servo aa baokgronnde to all that 
stands in front of them. In decorating walls, or in judging o£ 
the merit or suitability of wall decorations, this must always be 
taken into eonsideration, that they are but enriobedbadkgroands; 
and it riiould also be remembered that tiie satuie of Kite f 
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enrichment applied is detenmned, to a great extent, by the i shawl-pattom designer, and heTing a number of shawl 
chaaraoter of the orohitooture of the huUding of which the wall j patterns on hand, which he disposed of os waD-paper patterns, 
forms a part. , , A pattern which is suitable for a woven fabric ie rarely suitable 

We come now to consider wall-papers, which are hangings j to a printed fabric, and ospooiaUy when tee one pattern is to 
prepared with tee view of enabling us to decorate our walls at i be seen in folds on a moving object, and the other flat on a 
comparatively small cost. I may confess that I am not very fixed surface. And at all times itni tet.jon by one tnafn-ini of 
fond of wall-papei-s under any circumstances. I prefer a tinted another is untruthful, and it becomes specially absurd when 
or painted wall. Yet they are largely need, and will be for a we think that almost every material is capable of producing 
long time to oome. I have already said in a_ former lesson some good urt-offeot which no other material can. We should 
tlmt if waU-pai>era are used they should not be joined together always seek to make each material os distinotivo in its art- 


rite straight lines, 
and teat we ought to 
consider thorn as 
so much art-material 
which should bo used 
artistioally. 

As to the Aaturc of 
tee pattern which a 
wall-i>aper should have, 
it is almost impossible 
to speak, as there aro 
ondleaa varieties; but 
os a rule it may be said 
that those consisting of ^ v\ 
small, simple, repeated ^ 
parts, which arc low- p 'X 
tonud or neutral in ^ \ 

<!olour, ore tlio best. ^ 

Most wall-paper pat- 'm 
terns arc larger than is 
desirable. The pattern ^ 
can scarcely bo too sim- ^ 
pie, and it should in 
all cases consist of flat 
ornament. 

If the ornament is 
very good, and the pat- 
tom is tec work of a 
true artist, it may be 
larger, for then the 
ports win be balanced 
and harmonised in a 
manner that could not 
bo expected from a loss 
sktlfid hand; but oven 
if by the most talented 
designer. It must over 
l>o romemboTod that he 
has designoil it at ran- 
dom, and not as a suit- 
able decoration for any ^ 

particular room. The 
man who solocts tee ^ 

pattern for a particular ^ 

wall* must ohooso that 
which is suitable to tee 
special case. 

The effect of a wall- fi, 
paper is materially af- 4^ 
footed by mamy eixeum- | 
stances. •Thus, by tho | \ 

qtwntily of light ad- i 
^mitted to tee room, as / 
whether the room is 


Fig. 51. 




Fig. 50. 





character as wo can, 
and to cause each to 
appear as beautiful as 
possible in that parti* 
' culor manner in which 
? it can most naturally 
be worked. 

A word should be 
said about the parti¬ 
cular character which 
a wall-papor pattern 
should have, but tee 
remarks which I am 
now about to make will 
apply equally to all 
patterns employed as 
wall decorations. If wo 
view trees or plants, as 
wo sec them against the 
sky as a background, 
they are objects which 
point upwards and have 
a bilateral symmetry 
(teoir halves aro alike), 
or aro nioro or less ixro- 
gular in form, and when 
seen in this view we 
may regard them as 
natural waU decora¬ 
tions. Our wall pat¬ 
terns, teen, may point 


upwards, as in Fig. 47, 
bilateral or 
otherwise; but it must 
XX, be remombored that 


expected from a loss ^ XX otherwise; but it must 

t^kilful hand; but oven N. remombored that 

if by tee most talented vX ■«vhen tee flowers of a 

designer. It must over X^X. X. XX X primrose protrude from 

l>e romemborod that he ^P\XX XX. \ ''XX a bank, they are regular 

has designoil it at ran- X/V\ \ XX radiating, or star, oma- 

dom, and not os a suit- ^^X,X^^ '' ^Xv 'X.' ments. I think that 

able decoration for any ^^S/X'XX ' - Xv “ legitimate for us 

pajftioular room. Tho ^ ® wall star, 

man who solocts the '■ regular radiating, 

pattern for a particular \s5X *111 ornaments, os woU as 

wall* must ohooso that 'xVXthose having a spooial 

which is suitable to tee ^ upward tendency, 

spooial case. fe' ''X5X 'VoX'Xx I have said that when 

The effect of a wall- ^ K f' 'V 'OX 

paper is materially af- t >. \XX ■ plants are bilateral, or 

foctod by nwny eixeum- | X/xXxX % 'v- n. Fig. 53, are more or less irregn- 

stances. •Thus, by the | x/xNx ■ ^ NS. X ^ have roforrod 

qtwntily of light ad- i I' 'X plants os famishing 

^mitted to tee room, as / X^^ P ’''**** typos of oma- 

'whether the room is ^ ment, I should not bo 

tlark or light ; by tee aspect, whether it receives tho sun's ! doing rightly were I to leave this statement in its present form, 
myg or does not; by tee character of the light, as whether fur the teudoney of the vital force of all plants is to produce 




direct from tho sky, or reflected from a green lawn, or red-briok 
wall. All these things must be oonsidered, and what looks 
wdl in tho pattern-book may look bad on a wall. 

Tho host wall-paper patterns are those which consist of some¬ 
what strong colours in very small masses—masses so small 
that the general effect of the paper is riob, low-toned, a^nd 
neutral, and yet has a glowing oolonr-bloom, but thoso aro 
•^ely to be met with. 

. It was a fashion some time since to make wall-papers in 


stmetures of rigidly symmetrical character; but insects, which 
eat buds and leaves, and blights, winds, and frosts, so act upon 
plants as to destroy their normal symmetry, hencu wo find sa 
apparent want of symmetry in tee arrangement of the parts of 
plants.* 

Bespocting the colouring of cornices, a few words should bo 
said. lat. Bright colours may hero be employed. 2nd. As a 

• Those who seek further iutornation on this tutgoct, will find it in 
the bhahter on the arraneement of leaves, in Dresser’s “ Budiments ot 


■ -i-a” awuwu oviMD viiMo ouiuo w moAo V Those who seek further iutornation on this sucgocc, win nna it in 

^itation of woven fabrics, and teia teshios haa not wholly the bhafiter on the arrangement (Cleaves, in Dresser’s “Bndiments or 
d^ppeaxed yet, abaurd teongh it bo. It aroae through tee Botany" (Virtue); Droeser’s" Popular Manual of Botany "(Black)! or 
A^detit of a designer of wi^-paper patterns ba'ving been a Dresser’s *' Art of Decorative Design " (Day and Sons). 



TftB mJHHIOAIi bducmjxoe: 


rnl^t Md in shadow or in shade, bine on flat or hollow ! Ifr. Llswellyn Jewitts, F.S^. Ths ohest is nmoh older thm 
■ufsMS, esxieaially ihoso that rooede from the eye, and yellow Lombe’s time; it is ziohly osrred and painted, and, apart from 
on xounded odvanoing members. 3rd. Use for red either rer* its association with his name and career, is a remarkably fine 
aailion or carmine; for bloe, nltramanne either pore or with ' example of art. It is engraved with Lombe’a Mill, in “ Stoiiea 
white; for yellow, middle or orange chrome, diluted with white. I of Inventors and Uisooverers,” 18C0. Many throwing-miUs 
4th. Use r^ very sparingly, bine abundantly, the pale yoUow j have sinoe been erected at Derby, and this branch of industry 
in medium quantity. may be regarded as the staple of the town. Lombe’s mochi- 


Besides primary colours, none others need be used on Che neiy has not, however, boon used for many years; and improved 


oomico. It is a mistake to use many, or dull, colonrs horo, | machinery, which performs twice the work in less room, is now 
but gold may bo used instead of yellow. With the view of : adopted. 

explaining the principles which wo have just enunciated by dio- j In 1718 the silk-garden scheme was revived, when port of 
grama, wo give four illustrations (B^s. 50, 51, 52, 63J, and in a ; the estate of Sir Thomas More (Chelsea Pork) was leased to a 
future number we purpose giving a coloured plate illustration of | company, and 2,000 mulberry-trees wore planted. Thoresby, in 
oomioe, ceiling, and wall colourings. I his Diary, 1728, tells us that ho saw “ a sample of the satin 

_ lately mode at Chelsea of English silkworms for the Princess of 

Wales, which was very rich and beautiful.” This sohome also 
NOTABLE INVENTIONS AND INVENTOKS. Clockhouse, in Lower Chelsea, was long af^ 

nv-r-n- ». xTr,,,. nmTrnn / , j .. fomouB foT tho Bslo of mulbcmes feom tho trooB ploutod for sllk- 

XV.—THE SILK MANUFACTUEE (contludad). roaring. 

BT JOHN TiMBB. About the year 1789 nurseries of mulberry-trees wore planted 

Oh arriving in England, in 1717, Lombo agreed with theCorimra- in several States of the Amerioon Union; but though the climate 
tion of Derby to rent on a long loose for ^8 a year an island or is not nufavourable to the rearing of silkworms, which arc found 


NOTABLE INVENTIONS AND INVENTOKS. 

XV.— THE SILK MANUFACrrUEE (contlttifod). 

BT JOHN TIMBB. 

Oh arriving in England, in 1717, Lombo agreed with the Cori^ira- 


Bwump in the river Derwent, 500 feet long and 52 feet wide. 
Here ho erected, at a cost of .£30,000, an iinmenHo silk-mill. 


in their natural state in the forests, the high rate of wages was an 
obstacle to this sort of employment, which is better adapted to 


now the property of the Corporation, the loose having expired. | the social condition of China, Italy, the South of France, and 
The foundations were formed of oaken piles, 16 to 20 foot long, ' Malta, where the rate of wages is very low. In 1831 a small 
driven close together by means of an engine which ho contrived I quantity of raw silk was exported from the American Union, 
for the purpose; on these piles was laid a foundation of titonr, i 'llio production of raw silk in British India is extonsivo; and 


on which were turned stone arches to snpijort the walls. During 
the four years occupied in the orootion of the mill, Lombo, in 
order to ruse money to carry on the works, hired rooms in 
Derby, and in the town-hall sot up his machines, which wore 
temporarily worked by band, and by which bo was enabled to 
sell thrown silk at much lower prices than it could bo obtoinod 
from the Itoliana. By the time his largo mill was completed 
ho had permanently ostablishod the silk-throwing trade. In 
1718 be obtoinod a patent, and, with the aid of bis Italian 
workmen, was proceeding successfully in bis business, when ho 
died, out off, as it was thought, by poison, through the agency 
of on Italian woman, whoso bnsinoBS he hod drawn away to 
himself. William Hatton, a native of Derby, whoso early days 


labour is not only cheaper than in many parts of Europe, but 
throe crops of silk may be talcon in the year, while from 
oountries west of India, including Turkey, only one con be 
obtained. The Chinese method of roiring silkworms has been 
inlroducod in St. Uoleno, but was soon given up. Some of the 
silk produced in Franco is believed to be better than that of any 
country in the world. Tim Italian silk is also higldy esteemed. 
In Bnssia, Peter the Groat formed mulberry plantations; and 
the rearing of silkworms was mnch encouraged by the Empress 
Catherine. In Bavaria and other parts of Germany, with the 
exoexitiott of Saxony, the silkworm is successfully reared us a 
commercial object; also in Sweden, where the silk is said to 
possess some valuable properties nut found in that produced in 


wore spent toiling in this very mill, states that Lombe lingered ' a wanner latitude. In 1835 an attempt was made on a largo 


two or throe years in agony, from the slow poison; and the 
woman was interrogated, and suspicion strengtiioned. Ho was 
honoured with a superb funeral. “Ho was a man,” says 
Hutton, “ of quiet deportment, who hod brought a beneficial 


scale by a company planting eighty acres in the county of Cork, 
with 4,000 mnlbcrry-troes, but the design was soon abondoued. 
In 1839, Mr. Folkin produced at Nottinxba'n some fine cocoons 
from eggs from Italy. Mr. Whitby, at Newlands, near Lyming- 


manufaeturyinto the place, employed the pimr, and at advanced ton, Hants, for many years reared silk with suooess firom eggs 
ages, and thus could not fail to meet with resimot; and his of the largo Italian sort, of four changes; and twenty yards of 


melanaholy end excited much sympathy.” 


rich and brilliant damask maimfaotnred from silk raised at 


John Lombe was succeeded by his brother William, whov in a Newlands have been prosontod to the Queen. The obtoising of 
fit of melancholy, shortly afterwards shot himself. About 1726 a sufficient quantity of food for the worms at the right time has 
the null passed to his oousiu, Sir Thomas Lombo, who in 1732, on hitherto been the great difficulty of growing silk in England. 


the expiry of the patent, petitioiiod Parliament for a renewal, 
which was declined. Tlie Govommont, however, granted the 


In 1846 scarves wore manufactured in Spitalfields from the pro* 
duoo of between 700 and 800 silkworms kept in an attic room 


sum of j 614,000 to Sir Thomas as compensation, on < nndition at Truro; in size and weight the worms surpassing those in 


that ho would prepare and deposit in the Tower of Ijondon an 
exact and faithTnl model of his machinery, for the inspection 
and advantage of those who might purpose oonstraeting similar 
works. The Act authorising the issue of the money mentioned. 


Italy, the cocoons larger, and the quantity of silk exaeodiug the 
Italian averago. 

British silks have long been equal to those of Lyons; the 
weavers of Spitalfiolds, Derby, Cheshire, Lanoashire, and other 


among other oircumstuncos which jnstified the grant, the great ■ districts in England being equal to French weavers ; the defi- 
obstruction offered to Sir Thomas Lombe’s undertaking by the j cioncy, if any, is rather in the quality of the raw sjlk than 
King of Sardinia, in x>rohibiting the exportation of the raw silk in the manufacture of the sztiole. Baling the silk is a very 


which the engines were intended to work 


material branch, which is never done in England, though 8ilk> 


The aocounts of the machinery of this immonso mill, five reeling is light and delicate work, well suited to women and * 

Mmfkwr* 1__ t__ _1. _A..X mi.. _.1 _ _ Ti. 4>V«k A 


st;mys high, have been much exaggerated. The grand ma- 
ohioo is stated to have been oonstrnetfld with 26,.586 wheels, 


children. It is generally supposed that the cocoons are injnred*. 
in the carriage, but tliis is a fallacy. The worms are first cara- 


aad 96,746 movemonts, which worked 73,746 yards of orgonzLuo j fully destroyed, and the cocoons are then packed in safety; so 
silk-thread with every revolution of the water-wheel whereby I that the re^ difficulty is that of procuring silk carefully reeled 

AIiA __.3_A.I.*._.1_.3 Kl_ A.! _•_ ‘ £ _A.I.. ___ 


the maohinory was driven; and as this revolved three times in ' from the cocoons, 
each minute, the almost inconceivable quantity of 318,504,960 Raw sUk is the silk in its natural state when wonnd trom 
yards of orgnnsine could be produced daily! Hutton’s autho- the cocoon. It vatiee in fineness according to the number of 
rity ie, however, the best, for he served an apprentioeship of cooqons reeled off at once to form one thread, the filaments of 
seven yean in the mill, and ho rodneos the nnmto of wheels to which are united ^ their viscid properly. In the process of 
13,384 The whole was moved by one water-wheel. Sir Thomas dyeing, the gum is discharged more or less, snd the fibres 
Lombe is stated by Hutton to ^ve accumulated more than become loose and unfit for weaving; the raw silk is therefore 
£120,000 by tbie mill, ^e ohesf in which John Lombe brought manufactured first into singles, frcun, or_ orjoneine. By singles 
over to Engtaud his spiadleB smd other mabhinety was long pre- is signifiod one of the reeM threads twisted. 3Vam (from the 
Borvedin^ null wl^ bw buBt, bat beoasne&e x>ropertpof French frame, or “sheet”), is formed. of two ocmore 



NOTABLE INVENnONB AND INVBNTOES. 
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tvuted together, and ie need tor voaviDg ribbons for the shoot J Bibbons were oarly wrought with silk, and they formed m 
or weft. Orgatame is formed of two or more tingles twisted | branch of the silk manafootnre dating its progress from Greece 
together in a contrary direction from that of its component to Sicily, and from tbonee to Italy and Spain ; but the ribbon 
singles, Marrakmt is silk thrown twice, and is made from the trade seems first to have assumed diatinot importance in Franco, 
fine white silk from which the gum has net been boiled; that i The making of ribbons and small ortiolee in silk long preceded 
of the French is best. The preparation of the silk is the ' in England that of broad silk. “ The best ribbons mode in 
business of the throwster, a word formed from tho word > Fkanco are those prepared for the English market; the home 
“throw,” inthe ^ consumption is 



obsolete sense 
of “ to twist, to 
twine.” 

In plain silk- 
woaving the 
process is much 
the same as 
wearing linen 
or woollen; bat 
the wearer is 
assisted by a 
machine for the 
cren distribu- 
tion of the 
warp, which 
frequently 
consists of 
8,000 separate 
threads in a 
breadth of 
twenty inches. 

The Jacquard 
loom, invented 
by a wearer of 
Lyons, has been 
the means of 
facilitating and 
cheapening tho 
production of 
fancy or figured 
silks to on ex¬ 
traordinary ex¬ 
tent. Fattoms 
which required 
the greatest de¬ 
gree of skill 
and tho most 
poinfal labour 
arc produced by 
this machine by 
wearers of or¬ 
dinary skill, 
and with little 
more labour 
than that re¬ 
quired in wear¬ 
ing-plain silks. 

Persian, satin, 
gros-de-Naples, 
duoapes, satin, 
and Lerontine 
are the' names 
giren to plain 
silks, which 
differ from 
* one another 
•only in texture, 
quality, and 
softness. Satin 
derives its 

lustre from the great proportion of tho threads of tlio warp 
being left risible, and tiie piece being afterwards passed over 
heated cylinders. Other varieties of silk goods are produced by | 
aeohani^ arrangements in the loom, such os nsirg different 
shuttles with toreads of various suhstances, etc. The pile of 
velvet is produced by the insertion of short pieces of silk ili'ead, 
whl^ oover the sorfsce so entirely as to oonoesl the interlacing 
of 'toe waip and woof, llkere are several sorts of goods in 
whidi Bilk is employed with woollen Aatorials, as poplins and 
Votoamnea. 


THE JACQUARD DOOM. 


chiefly of less 
oostly goods.” 
(“ Penny Cyclo- 
pmdia.”) Bnt 
many ribbons 
oro produced in 
Corontrywhiob 
equal in quality 
their foreign 
rivals of toe 
same make. 

The perse- 
reranoe of our 
manufacturers 
lung since en¬ 
abled them to 
ship British 
bandana hand¬ 
kerchiefs for 
India. In the 
printing of silk 
handkerchief s 
there bos been 
great improve¬ 
ment; and most 
of tho India 
haudkerebiofs 
are now print¬ 
ed in England. 

Onthosteam- 
faotoiy system, 
the manufac¬ 
turer gets every 
preparatory 
process done; 
and by steam- 
power one-liulf 
of the weaving 
process itself— 
the shouting 
down—all Giat 
ie left to the 
weaver being 
the picking up 
undattendonoe. 
The profitable 
application of 
steam-power to 
silk-weaving 
was long con¬ 
sidered to bo 
almost impos¬ 
sible, so large 
a portion of 
rime being con¬ 
sumed in tho 
handling and 
trimming of the 
silk, in propor¬ 


tion to tho time that tho loom is in motion, and a consequent 
waste of power; but steam has booomo tho chief motive pow^ 
of the ribbon as of other manufacturing districts. Jacquaru 
steam-looms ore employed in maUng light figured ribbons with 

great prociBion and beauty. » , « » 

The silk culture of France has of late yours sulterod a Bevere 
oheok in consoquonce of an. epidemic among tho worms and tno 
production of unhealthy eggs. This, however has bMU ot^ 
come* to a great extent, an€ it is hoped that this branch of 
French industry will soon attain its former prosperity. 
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OPTICAL INSTEUMENTS.—VIL 

BT SAMTJSB HIOHLET, B.a.B., ITC. 

THE OPHTIIAIiMOSCOTE. 

X HAVB proTionsly stated that vhero the diagnosis of an eye 
indicates defects or oomplicationB that place its legitimate 
treatment within the domain of the anrgeon rather than that 
of the Bpeotaolc-maker, mnoh ma^ bo learnt by the use of the 
ophtholmoscopo; but as its 
indications must be inter¬ 
preted by anatomical expe- 
rienoe, I shall only describe 
the optical arrangements of 
this instrument, and refer 
eU who wish to bcoomo ac¬ 
quainted with its use to tho 
exoellent practical treutiso 
of Zander, an English trans' 
lation of which has boon 
edited by Mr. B. B. Carter. 

JAebreieh’s OjiMhahttoseope. —The object of this instrument | 
is to illominato the interior of tbo eyeball, and then be able to 
obsorre a magnified imago of its various parts. 

In its simplest form the ophthalmoscope consists of a concave [ 
mirror on inch and a half in diameter, silvered at the back by 
Liebig's or Petitjeon’s process, piorood in its centre with a 
round holo of about ^ inob in diameter, and having a focal lougtli 
of about 6 inches. Behind tho mirror is a support for eye-pieces, 
whidh may bo convex lenses of 10 or 12 inohos focus, or con- 
oaves of 6 to 12 inches focus, taken from the " trial oaso.” 

This is used in oonjnnotion with two “ objoct-glosaos,’* which ore ! 
convex lenses, one of about 
14 to 2 inches focus, and the 
other 24 to 3 inches foons, of 
abont tho same diameter as 
the mirror. Tho mirror and 
objeot-glass may be packed 
in an e^nite box not oxoeod- 
ing the size of a smaU watch, " Pig. 14 . 

and then constitute the most 

portable form of tho ophthalmoscope. In using this, the patient 
is placed in a dark room, face to face with the examiner, au 
argaud lamp is ploood beside and a littlo behind the patient’s 
head, with tho flame on a level with his eyes. Tho examiner 
places his eye close behind tho aperture in tho mirror, and then 
while about a foot distant from tho patient directs tho light of 
the lamp into tho eye under observation. Should tho relative 
refractive power of ■tte eye of tho observed and obsorvor require 
it, suitable eye-pieces may be fitted behind tho mirror. By 
approximating tho mirror nearer and nearer, tho oomea, lens, 
vitreous, optio nerve, yellow spot, intra-ooulor vessels, cto., 
may bo snooessively exa¬ 
mined, and any pathological 
symptoms noted. This is 
termed “ Ike direct method,” 
the natural lenses of fbe ob¬ 
served eye forming a oonvox 
triplet, which gives an erect, 
virtual, magnified imago of 
the parts soon. By employ¬ 
ing one of the objoct-glasses 
(held between the finger and 
thumb of the observer's 
left band, about on inob 
from the patient's oye, 

with the other fingers rusting against the forehead to steady 
the lens) a larger field of view is attainable, witli greater 
facility for observation. By proper adjnstmont of the mirror 
an inverted real image of tbo parts is seen. This is termed 

the indveet method " of observation, and it must be ob- 
eerved that the rays of light rofleeted from the fundus oculi 
strike the object-glees, and form the invert le^ image—in 
normal eyes at, in myopic eyes witMn, and in hypermetropic 
eyes beyond, the focal length of the object-glass. Should the I 
ejre of tile observer be defective, the inverted image will be 
improved by employiiV * soitabU oonvex eye-pieoe. Fig. 12 
shows the general amngemeni of the ophtiuMosoopio appa- 
tatna, and some interesilng matters relating thereto will bo 


found at page 53 of Vol. VI. of Tub Popvlab Edbcatob, 
under the head of “ Becreative Science.” 

Beale’s Demonslrating Ophthalmoscope. — The inconvenient 
ncoossity for making ophthalmosoopio observations in a dark 
room hag been entirely obviated by hn arrangement recently 
devised by Dr. Lionel Beale, E.B.S., Physician to King’s 
College Hospital—shown in Pig. 13. This oonsists of a tme- 
scopis tube c, about one inoh diamotor, to the npper end of 

which a small paraffin lamp, 
furnished with a metal chim¬ 
ney and a bull’a-oye lens, is 
attached by a rotating fit¬ 
ting, to allow of tho observ¬ 
ing tube being inclined at 
any convenient angle, while 
the chimney stands porpon- 
dlcnlar. Tho rays collected 
by tho bull’s-eyo arc pro- 
7? jeoted on a sUverod mirror 
pierced in its centre with a 
small aperture. The end of tho tube b, which slides or adjusts 
on c, is fitted with a piece of wood sbajiod to the margin 
of the orbit of the eye. On this end being applied to tho 
patient’s eye, tho interior of tho eye booomea perfectly illumi¬ 
nated by the light reflected from the mirror, and a magnified 
imago of the fundus is obtained by moans of an object-glass 
of 24 or 3 inches foons, fitted to tho lower end of the 
tube C, and observed through an aperture at A, in front of 
which au uye-piuce may be fitted when desired. An accurate 
focus is obtained by sliding tho tube n on the tube C, the 
average point of focus being indicated by a mark on the tube c. 

Tho objout-glass is mounted 


BO that it may swing on a 
vertical axis, and bo inclined 
BO that the roflootions from 
its anterior and postorior sur¬ 
faces (which would interfere 
with the distinct imago of 
tho rotuia) may bo thrown 
out of the field of vision, 
a quarter of an inch being suffi- 
proveuts reflections from the 
It should 


an inclination of loss than 
clout. This adjustment also 
lenses of the patient’s oyo beooming inconvenient, 
be observed that a plano-convex Ions, with its plane surface 
towards the obsorvor, thus mounted, reduces tho annoyance from 
rofleotion to a minimum. When this apparatus is not in use, 
tho reservoir of the lamp D is unscrewed, and plugged with a 
screw shown at F. The chimney and burner are turned hori¬ 
zontal with the teleaoopio body, so as to make the arrangement 
poitable, for packing away in its travelling case. 

This ophtholmosoope can be held in tho hand, or it may be 

mounted upon a stem or 
tripod stand. It oon bo 
used in any room in full 
day-light or when lamps are 
lighted. This arremgement 
entirely obviates the neces¬ 
sity of the dark room for 
ophthalmoscopic observa¬ 
tions. The eyes may be 
examined when the 'patient 
is in tho recumbent posture 
OB well os when sitting or . 
standing, and in many oases ^ 
without using atropine. 
When an observation is to be made the observer should request 
the patient to direct tho other eye so that he may see distinctly 
some objoot on a wall from 8 to 10 feet distant, as a spot 
in the pattern of the paper, or a red wafer or piece of sealing- 
wax placed there for the purpose, about one foot higher than 
the level of the eye of the patient. The patient should be told 
to look, now a little above or below, to the right or to the left 
of thie mark, until the optic disc, with the veesela, comes well 
into view; ia many instances this will be immediately. Hie 
reason for preferring a distant object to a near one (as a ball 
attsiched to the end of a !;<» oonneoted with the ophthalmoeoope 
itself) ii, that the pupil dilates, while it will contract if a near 
.object be selected; and then by reason of its smallness, a gooa 
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view ot the disc oasnot be obtained witheat the previoae nse of 
atropine. This is the most oonveniont fom of ophthalmoscope 
for olinioal demonstration. 

£awenee and Heisch's Binocular Ophthalmoseope. —In the use 
of the ordinary arrangement, tho det^s of the foudns appear to 
be ail in the some plane, so that the indications of abnormal ele¬ 
vations or depressions must bo, as it wore, translated to the mind 
of the observer by noting the change of plane, to seouro perfect 
definition of each part wl^e focnssing. Bat if both eyes of the ob¬ 
server are brought into play, then tho various parts will be brought 
into natural or stereoscopic relief, and the observation greatly 
fooilitatod. To this ond Girand-Tenlon contrived a binocular 
ophtholmosoopo, but did not provide an adjustment for difference 
of distance between the eyes of different observers; so that tho 
two images could not, with his instrument, always bo combined, 
except by a forced convergence of the eyeboUs, which entoilB 
fatigue. This sorions defect has been remedied by thtf adjust¬ 
ments provided in tho arrangement of Laurence and Hoisch. 
Beyond tho greater accuracy of vision obtained by the percep¬ 
tion of relief in tho object viewed, a greater amount of light, 
with a more extended field of vision, is also secured. The essen¬ 
tial ports of tho instrument are shown in Kg. 14. 

In using this arrangement the lamp is placed behind and 
above the head of tho patient, in a line central with tho observer. 
The instrument is held horizontally, so that the light from tho 
lamp is reflected into the oyo of the patient by means of tho 
perforated mirror K. 'ITio imago of tho fundus is received upon 
tho reflecting surfaces of two rectangular prisms e, e, placed 
behind the aperture in the mirror, from whence each prism 
reflects on imago to the prism F F, from which each imago is 
reflected into the eyes of tho observer, placed close to those 
“ ooular prisms.” The ocular prisms F, f can bo raado to 
slide on a bar A B, and coinoido with tho optio axes of tho 
observer’s eyes, whUo siraultanoously, by moans of a slot and 
nut, and an endless screw adjustment h l, u l, tho prisms ore 
tilted to a snitablo inclination for perfect observation from 
tho rofleoting surfaces. Convex eyo-piccos, 8 and 10 inches, oro 
provided, which can, when desired, bo placod in cUpa in front of 
tiio ocular prisms. This arrangement may bo used for tho 
“ direct” or tho “ indirect” motliod of observation. 

Tho method of placing this instrument in adjustment for eacJi 
observer is os follows :— 

See that tho nuts i, i are in tho centro of the slots n, H; if 
not, bring them there by turning tho scrows o, o. (If care bo not 
taken on this point, tho iustrumont may bo strained in adjust¬ 
ing tho slides.) Having carefully measured the distance 
between tho impils of the observer’s eyes, movotho slides c and 
B till tho marks on them correspond to that distance on A B. 
(Thus, if tho observer’s pupils bo fl‘4 inches apart, tho slides 
must be sot at two divisions from the linos marked 2 inches. 
Great care must be token to place them equi-distont from the' 
centre. Now turn tho screws o, o, till tho nuts i, i again occupy 
the centre of the slots h, u. Place a light about eighteen 
inches in front of you, and holding tho instrument quite hori- 
spntolly, look through tho prisms f, f. Two images of tho light 
will now be seen. Ascertain that they are of equal brightness, 
by first shotting one eye, and then the otlior. If they arc not 
equally distinct, it is a sign that tho eorreot distance between tho 
pupils has not been taken, and the slides must be moved till tho 
images are equally bright: now tom the screws a, a. and tho 
image| will approach oach other; when thoy perfectly coalosoe, 
tite instrument is adjusted. 

There are other modifications of liebreioh’s ophthalmoscope, 
which are dosig^ted by the names of tho modifyers. At the 
Cambridge meeting of the British Medical Association Mr. 
Ernest Hart exhibited a demonstrating ophthalmnsocpc, some¬ 
what on the plan 6t Beale’s, but it was not by any means as 
portable or oonveuiontly arranged. 

BEICK AND TILE-MAKING.—L 

TEHEA-COTTA, BEICKS, AND TILEa 
BT aiLBEBT B. BXDQBAVX. 

CZiAT, which is the result of the disintegration and attrition 
of the various primary rooks, is widely distributed over the 
earfh's surface. It is found in olBiost every degree of im- 
^purity among the more rocent deposits, and in a state of com¬ 


parative purity iu tho coal moasures and lower oolite—as a soft 
or friable earth in the former, or oonsolidated into rooka at 
considerable hardnoss and durability iu the latter formation. 
Its colour varies, according to the quantity it contams of lime, 
iron, or bitumen, from almost pure white, throngh every shade 
of r^, bine, and brown, to deep block. 

The employment of clay by the iwtter dates from the most 
remote periods, for not only do we everywhere find the simple 
earthen vessels which man reqnires for his domestio wants 
associated with the earliest traces of civilisation, but we oro 
expressly told in ijhe Bible that with brioks monlded from clay 
the dwollors on the plains of Shiiuir began, 4,000 years ago, tho 
famona “ tower whose top should reach unto heaven.” 

It is our intention in tho prosout series of papers to treat of 
clay as used only fur structural purposes, and this we propose 
to do, not historically, bnt solely with tho view of bringing 
under tho notice of our readers the processes now moat commonly 
practised in different parts of the country for manufacturing 
from clay tho materials known as bricks, tiles, and terra-cotta. 

Pure clay, which is, chemically speaking, a hydrous silicate of 
alumina, contain.~; about 47 parts per cent, of silica., 40 parta 
of alumina, and 13 ports of water. This is very nearly exactly 
tho composition of tho substance known as kaoline, or china-clay; 
but fire-clay, pipe-clay, and potters’ clay, are all oomporatively 
pure ailicates, having, however, a much larger proportion of silica 
than kocjline. Tho purer clays are, of conrao, selected for the 
bust desoriptions of pottery and terra-cotta; while tho earthy 
clays, or loams, and the clays largely impregnated with iron and 
lime, which occur chiefly in tho more rocent formations, are 
used in tho manufacture of bricks, tiles, and the commoner kinds 
of pottery. Commencing our remarks with terra-cotta, which 
is derived from two Italian words, ierra, “ earth,” or “ clay,” and 
coUn, signifying “baked,” or “burnt,” wo may stato briefly that 
all tho finer and bettor classes of x>roparod clay goods really oome 
under this head. 'J'ho differenoo between bricks and terra-cotta 
is ail imagitiury rather than a real one. Some would have it 
tliat terra-cotta is a vitrified brick, or a brick tho silica oon- 
tainod iu which, owing to its having been burnt at a high 
temperature, and to its being mixed with certain proportions of 
alkaU or other flux, has boon more or less converted into glass, 
as in tho best stoneware. This definition, however, is far from 
being accurate, as terra-cotta is rarely if over vitrified, except 
on the surface; and a better distinction would bo to assume 
that all fino-grainod clays whinh will resist a long-continued 
firing, and bum so hard os to becomo incapable of being 
scratched with the jioint of a penknife, may bo regarded as 
terra-cottas ; while the siliceous, porous clays, which would fuse 
at a high temperature, and admit easily, when burnt in the 
ordinary way, of being scratched with the knife, moy be classed 
with tho briek-oorths. 

Terra-cotta is generally made either of pure clay, which 
bums of a white or pale yellow colour, or from impure clay, which, 
owiug to the presence of oxide of iron, bums to some shade of 
rod. Mnoh of tho terra-cotta in England is made from olay 
found in tho coal measures, called fire-clay, which ooenrs in 
beds nndor each seam of coal. Tho more recent clays of Dor¬ 
setshire, from tho neighbourhood of Poole, and those from tho 
southern districts of Devonshire, are also frequently used, to¬ 
gether with tho olny of Northamptonshire, for this purpose. 
Wo will glance in the first instance at a manufactory of terra¬ 
cotta from fire-clay, which may fairly bo regarded as toproson- 
tativo of this class of ware. 

In almost every cool-field, without oxoeption, largo quontities 
of fire-clay are raised annually, and carried to spoil as a waste 
product. The utilisation of those spofl-banks probably led 
those intoresteil in snoh matters to make experiments with tho 
clay, and they must soon have found how admirably it waft 
suited for all purposes whore great strength, durability, Md 
powers of resisting heat wore of volne. In course of time 
briok-works and terra-cotta works become necessary adjuncts of 
many of onr groot colliorios; and in this way, in the neighbour¬ 
hood of Glasgow, Newcastle, Leeds, Tamworth, and many other 
ooUiory districts, large olay-works oro now in operation. Tho 
fire-clay, as it is dug, is hard and oompoot, of a greonirfi-grey 
oolonr, sometimes almost black, has a very irregnlar shiny frao- 
tnre, and an nnotuons grea^ feel, with little taste or smell. It 
is /proad out in layers at4ho mouth of the pit, and picked or 
sorted into heaps—such pieces os appear brown and mottled 
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beiaf Mjected as oontaiiiing' iron, while those whioh hare a doll 
irao^toe end feel gritty to the tonoh are pat on one side for 
dtain*pipeB, fire-biioks, and the oommonost kmds of ware. Only 
t&e best bright clay is need for torza'Ootta; and it is thought by 
some that it is improved by being expos^ during the winter 
months to tho action of the weather, which oausoB it to “ fall " 
or split up into fragments, and thus renders tho subsequent 
grindiug a simpler and cheaper oporation than orusliing tho hard 
dry clay. We bolievo that this latter advantage is all that is 
gsined by the weathering. 

To propace it for use, the dlay is crushed to a fine powder 
under on edge-runner, or by means of Carr’s disintegrator, or 
some simple crashing machine, and with it is ground up a 
eertain proportion of some refractory substance, such as pre¬ 
viously burnt pottery, whioh may form from ono-quarter to ono- 
fifth of the entire mass. Tho degree of fineness to whioh this 
grindiug is carried varies very considerably in different manu- 
iaotaries and districts. The coarser ground clay seems on the 
whole to stand the firing the best, and to dry more rapidly 
than that whioh has been very carefully pulverised. We may 
here point out tho object of adding to the fire-clay tho broken 
pottery. It is done mainly with the view of counteracting the 
noessive shrinkage to whioh all tough, close-grained clays ore 
liable, as it is obvious that clays which have already been ones 
fired have become contracted to the utmost, and tberoforo tho 
addition of considerable quantities of them to tho raw clay , 
tends to partially prevent it from shrinking. Another motive 
frequently given is, that “ grog,” as it is termed, opens the 
pores of the clay— i.e., that in drying it facilitates the expulsion 
of tho water—it also nses np a waste product, saves a little fuel, 
and, by giving a oortain amount of unalterable matter, helps 
to retain the olay in tho form in which it has been moulded, 
obviating thereby undue contortion under firing. For highly re- 
fraotory goods, such as fire-lumps and firo-brioks, the materials 
are usually much more coarsely ground than for terra-cotta. 

The gronnd clay, then, having been, by a sieving or dressing 
prooess, separated into various degrees of fineness, the finer 
partions are passed by on elevator or otherwise moved into a 
png-mill. Here the clay-dust receives tho proper proportion of 
water; and it is thought by some that bettor results are obtained 
by using hot water and steam than cold water alone. Wo 
b^eve that abroad it is usual to introduce into the water at 
this stage a small proportion of potash or soda ; and wo are con- 
vinoed that o^lr English manufactnrors, when using fire-clay, 
might copy this praotioo with advantage. In mixing light 
powdery olay with water, there is frequently groat difficulty 
in effecting a inropor and uniform distribution of tho moisture. 
This hae been sucoossfully overcome, however, by causing the 
mixture to take place on a large fiat disc; on this the ground 
olay is gradually damped by numerous fine jots of water, with 
whidi it is brought in oontoot while it is gently spread and 
tamed about by means of revolving arms or scrapers. The 
wetting takes place on the outer portions of the diso*; and by 
tiie aotion of the scrapera the moistened material is slowly oon- 
duoted into the barrel of a pug-mill, tho orifice of whioh ia 
immediately beneath the centre the mixing table. 

On isBuiug from the pug-mill, the cli^^ is ready for imme¬ 
diate use; but there ie no doubt that by employing rather more 
water than is now done, and plaoing the olay for a timo in tanks 
or pits, till the superfinons moisture had evaporated, a mellowed 
and more plastio sabstanoe would bo obtained. This, we may 
add, ia a natural inference from the advantages gained from 
slipping the clays for the preparation of fine bodies, which pro- 
oass we eball refer to when we are treating of tiles. From the 
pug-mill the day is oonvoyed to tho moulder or modeller, whero 
it undergoes a farther manipulation at the hands of a sturdy 
labourer, who cute from it repeatedly with a wire cutter portions 
as huge as he can oonveniontly lift, and daehes them back with 
great force on to tho parent lump. This operation, called “ wedg^ 
ing,” or “ slapping,” renders tho olay more homogeneous, and 
exi>ds soy lurking traces of air and nnneocssary moisture. 

The moulds for terra-cotta are, wo believe, for all haud-prossed 
work, invariably made of plaster of Paris; they are usually 
about two inches in thicknees, and are therefore, for all but very 
moderato-sixed pieces, very onmbruus and weighty affairs. It 
is unneoesso^ here to atinde to thn preparation at the planter ; 
of Paris, as it ia not now conaideredVi branch of the terra-ootta j 
iBsanlantiirer’s basineas, thow ^ formerly it was nustagasry to | 


boil the plaster-stone at the works, Ihis material is, of course, 
owing to ite power of rapidly solidifying on admixture with 
water, admirably enited for the moulder; and it has, in addition 
to this setting' i>ower, a wonderful amount of porosiiy, which 
enables it to suck out the water from the damp olay, and thus 
permits of its removal from tho mould in a shorter space of 
time -than any other quick-setting cement. It is a fact not so 
universally known as it desoTvos to be, that the less water used 
in mixing up or “ gauging” the plaster the denser and harder 
^ will be the resulting mould ; while plaster whioh has been mixed 
with a enperabundance of water, though it sots apparentiy 
almost as rapidly as that with less water, is muoh more porous 
ond spongy, and consequently has far less wear in it than if it 
had boon gauged stiffer. Plaster is, to a oortain extent, soluble 
in water—about one part of plaster will dissolve in between 400 
and 500 pai-ts of oold water—and tho long oontinnod aotion of 
tho wet olay, and the friction in forcing it in and Oat, speedily 
wears away tho surface of the mould. It seems strange that, 
with tho knowledgo wo possess of tho substances whioh will 
harden plastcyr, suck as alum and borax, and with our numeroue 
hard-setting oemonts, wo have not found some bettor material 
for mould-making than plaster of Paris, whioh forms no inoon- 
siderablo item in tlio cost of the manufacture of pottery. 

Before going into the question of tho moulding of the clay, 
it will bo necessary to revert for a short time to the subject of 
shrinkage, and to its practical bearings upon the preparation of 
■tho models for any work in tercBi-aottn. Tlio shrinkage has been 
soiontifioally explained by assuming that on the expulsion of 
the water the particles of clay mechanioally ro-arrango and 
distribute themselves over tho space which it before occupied. 
Pure fire-clay oontracta between tho time of going into tho 
mould ond iaaning thoroughly burnt from tho kiln as much as 
one-eighth of its lineal dimensions; of this shrinkage, about one- 
half takes place in its green or raw state, at ordinary tempera¬ 
tures, before going into tho kiln, and tho remaining half during 
tho firing. By tho admixture of some definite proportion of 
previously burned olay, or other unaltorablo substance, this con¬ 
traction may bo, as wo have already seen, considerably reduced; 
and by this moans some makers modify tho total shrinkage to 
one-twelfth lineally. Tho difiioulty of thus artificially reducing 
tiio contraction is that workmen are so caroloss that the pro¬ 
portion of “grog” used is never twice alike, and tho scale 
adopted for the preparation of tho models becomes thereby 
wholly unreliable. 

The plan wo recommend in using terra-cotta ia ■to send to ■the 
manufacturer a model of some plain moulding, and also one of 
a pieoe of highly-enriohed work, reques'ting him to produoo from 
moulds madu on those modols- three specimens in terra-cotta of 
eaoh. On tho receipt of theso pieces, together with the models 
originally sent, it becomes possible by measurement and a 
system of averages to find out the exact amount of shrinkage 
for whioh allowance must bo made in the ware furnished by thin 
manufacturer. If, for instance, the original model of the plain 
monlding was 16 inches long, and the average length of tiie 
three terra-ootta blooks from it is 144 inches, we find, by a 
simple rnlc-of-throe sum, that for a block to bo a foot long in 
terra-cotta it must be made in a mould 13| inches long; or, ia 
other words, that tho contraction of ■tho clay is inchea in 
tho foot. Having established this so-called “scale of shrinkage,*’ 
all that ia neoessary ia to provide for all the drawings a rule on 
whioh a length of 13^ inches is divided into twelve parts, each ons 
of which represents an inch; and by this rule all tho details for 
the terra-cotta mannfaoturor will have to bo prepared. For aiqr 
building in which large quantities of this material have to be 
used, not only ■tito drawings, but also the models for the ■work 
should be made under tiie immediate superintendence of the 
architect; and for this purpose a shed should be erected on ■tho 
site of the works, where accurate plaster models for eaoh kind 
I of block may be made. By this means numerous difficnltiee 
' and misunderstandings ore avoided, and the nltimate post of 
the ware ia reduced; as, if the manufacturer has;■to make hia 
own models, at hia own risk, he must put on a certain i>er- 
cen'tage for uncertainty and trouble in fulfilling ■tho wishes at 
his employers. 

We may suppose now -tiiat the models prepared as we have 
described have been rooeived at tho manufactory. The first 
stop ia to coat tiiem witlf gome material whioh will admit of 
the ready withdrawal of the freah plaster with which they wSH ■ 
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liave to be enonisted in forming the mould. Nothing could be 
better for tbie porpoee than olny iraitcir, or soft soap and oil; and 
having bruehod them over with one or the other of theea prepa- 
ntiona, the work of monldiug may at onoe oommonoe. 


taot-epringe plai'ed at each side of a 6. The two balla may 
then be a little way apart. 

The commutator employed with the eingle^needle instrument 
may be employed to transmit the messages to this inetrnment, 


THE ELECTRIC TELEGRAPH.—X. 

By J. M. 'WiOKEit, B.A. 

BEiaHT'S BKI.X.3 — FOLABISBD UAONBT—CBEUICAI. TELS- 
ORAPHB—BAIN’S—BAKEWBLL’B COBTINa TBLEGBAPH— 
cabxbli’b PAN-TELEOKAFH. 

We explained in onr lost lesson the manner in which on ordinary j 
Morse iustmmcnt may often bo read by the sound alone, and also 
the special modification employed in America for tliis purpose, 
and known as the “soondcr.” An acoustic instrniuoiit is 
plaiuly a groa^ advantage, since, both eyes and hands being free, 
the message can bo easily written down by the receiving clerk. 
Attention has tlicrcforc been directed to the construction of 


since it is so oon- 
atmoted that posi- i 
tivo or negative enr- 
ronta at ploaanro 
may bo transmitted 
by it according to 
the direction in 

which we incline the' 
handle. 

Wo will now turn 
our attention to ^ 

tliuso forms of tele¬ 
graph instruments in which the property possessed by the oleotrio 
enrrent of decomposing various chemical substances is turned to 
aoccount. 



improved forms of acoustic telegraphs, and Sir Charles Bright As the student is already aware, very many compounds may 
has invented an instrument, known after him as “Bright’s bo deewnimsed or seitaratcd into their component ports 
Bells,” which, with various modifications, has boon used on means of the eloctrio current; some even which resist almost ail 
several linos. In this two bells are omployod, so selected as to other ugont-s moy in this way bo tom asunder. Now if wo can 
produce notes differing by several tones, and thus to be eaiiily choose any sabatances which will by their decomposition leave 
distingniabablo. A single stroke on the one of these which a stain on a strip of paper, it ia clear we may by means of these 
produces the higher note is taken as the equivalent of a dot in transmit intelligible aigiia along an insulated wire, 
the ordinary Morse alphabet, while a atruko on tlio other ropro- A simple experiment will illustrate this principle. Take a 
aenta the dash. It wiU thus bo seen that only a single sound shoot of white blotting-impcr, and having wotted it well wiili a 
is required for eoeb sign, instead of two, as is the ease in tho I solution of iodido of putaa.sium, lay it on a metal plate—as, e.g., 
“sounder.” Tho signs are for this reason maoh more simple | a sheet of tin—oonnooted with one pole of a galvanic battery, 
and distinct. Now move the other battery wire about over tho surface of 

In a circuit whore there are two lino-wires, an acoustic j the moist paper, and it will bo foniid that a distinot brown 
instrument of a very simple construction may bo used. An mark will bo produced wherever tho wire has tonohed. Tho 
electro-magnet way bo connected with each Hue-wire, and tho ' reason of tliia ia tliat tlin iodide of potassium has been decomposed 


hammers which strike tho two bells may then be fastened to ; by the electric enrreut, and tho iodino which existed in it in a 
the keepers of the magnets. A yet siniplor plan is to fix the two i state of combination has been set free and stained the paper. 


bells side by side, just s^iaco enough being left between them for | Tlio marks produced in this way arc, however, fugitive, since as 
one hammer to play on both. Tho keeper of tho magnets ia then the paper dries the iodino eviiporatos, and soon disappears. 


fixod to tho rod which 8ui)ports tho hammer, and tho magnets 
are placed ono on each side of this rod so as to faco ouo another. | 
As soon as either magnet is excited by tho current passing 
round it, tho keeper will ho drawn to it, and tlio boll on tliat ^ 
side will be struck. Two small spiral springs keep tho hammer ; 
in a central position when no ciirrent is passing. 

The need of two line-wiros ia, however, a great drawback in 
this, siiioo it entails much extra expense buth for repairs and 
maintenance. Bright’s instrument was accordingly so con¬ 
trived as to require but one. This was acoomplished by means 
of a “ polarised magnet,” the principle of which must be coro- 
fnlly understood, bb it is often introduced in other pieces of 
eleotrioal aptiaratus. In on ordinary electro-magnet the core 
oonsists of a piece of soft iron, and is quite devoid of magnetism, 
except whon the current is circulating round it. In the 
polarised magnet, however, the cores, instead of being fixed to a 
pioo^ of plain iron, are placed on ono ond of a permanent magnet, 
n s (Figs. 43 and 44). In tills manner a permanent north 


'rhoro are, however, several other solutions which produce per¬ 
manent marks. That most commonly employed is a solution of 
forro-cyauidu of potassium and nitrate of ammonia. Tho paper, 
which mnst not be glazed, is cut into strips, and after being 
wotted with this, is made to pass under a steel point, being 
I carried onwards by rollers as in tho Morse instrument. The 
' current then passes through the steel point, and wbonover it so 
j passes a blue stain is prodnoed on tho paper, the iron of the 
stylo or point being slowly dissolved, and combining with the 
suit of potassinm under the iulluoneo of the eloctrio enrrent. 

In other cases the paper is prepared with starch and iodide 
of potassium, and in this way too a very clear blue mark is 
produced. Now wo must boo in what way this power is made 
use of in recording a mossago. 

Tho simplest form of chomicoJ telegraph is that introduced ^ 
Bain, and the action of tho receiving apparatus will be easily 
I understood by Fig. 45. The lino-wire l is connected with the 
! iron style B, which presses against tho metallic roller B. This 


polarity is imparted to the poles of cauh core. Tlie keeper a h ! roller is in oommaniuation with the earth-plate e. 
vibrates wi a pivot at a, which is in oommimioation with the j Tho strip of prepared paper is drown onwards towards b Iqr 
other end of the magnet, and acquires south polarity. It will! means of the rollers c c, and is thus mode to pass steadily along 
thus be soon that the keeper has opposite polity to the poles | between the point b and tho roller n. The message is trans- 

between whioh it plays, and is equally attracted by each; it j mitted by tho ordinary key, or by means of a relay, and is thus 

remains'therefore at rest midway between them. If now a ! cbemically 
positive onrrent be transmitted along tho line-wire, tho slight 1 printed on 
. polarity imparted to tho cores by tho permanent magnet will be | the strip 
^nite overcome, d will then become positive, and c negative. ; instead of 
The keeper will thereupon be attracted by d, and at tho same | being om- 
time repelled by e, so that it will at once move towards the bossed or 
former. If a negative ourrent be sent, the poles will bo re* inked. 

▼ersod, and the keeper will be attracted by c and repelled by d. The re- 
and Booordingly will move in the reverse direction. oeiving ap- 

'Hie application of this prinoiple to some of the alphabetioal paratns is 
telegraphs will be considered in a sabsequent paper. Tho thus sim- 
niaoner in which it is employed in the aooustio telegraph will ; pUfied, but 

easily be understood. All that is required is jto fix a hammer or ' there is . . ■ . 

tongue to the end of o b, and place the bells on oooh side mnoli more trouble required in preparing tho pniior, so that on 
of this, so that a positive current will oanse it to strike ono [ the whole little is gained by tho adoption of this plan. This 
ball, and a negative tho other; or wcB may have an additional ; recording apparatus was firsil introduced by Bain for use with 
vugiMt to each bell, and call tiiese into play by means of con- j ihis ayskm <d automatio te u i s mi ssion referred to in our last 
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piqwr. Mid it cortainly posseasos tho adTantago of great sim- 
plitity of oonatraotion in tho apparatua. In hia original 
amngoment a diso of prepared paper was employed in place of 
a atrip, and the stylo was so arranged thatitpadoally trarellod 
from the centre to the cironmferenoe as tho diso rotated. Thus 
the message vraa traced in a spiral lino oommoncing at the 
centre, and gradually extending to the circumferenoo. 

There are two very remarkable forma of chemical tele¬ 
graph which we must now ex¬ 
plain. In all instraments 
hitherto described the message 
has been transmitted in cipher, 
that is, by moans of some ar¬ 
bitrary signs only intoUigiblo 
to the initiated. In tho instru¬ 
ments we are now speaking of 
the message is reocirod in or¬ 
dinary written oharaotors, and 
oven the handwriting of the 
sender is reproduced. It is, in 
foot, possible to go even farther 
than this, and to transmit a 
drawing or a portrait by means 
of these ingenious arrange¬ 
ments. 

The operation of thoso instru¬ 
ments may very easily bo under¬ 
stood. In tho former of thorn, 
which is known after its inven¬ 
tor as Bakewell’s Copying Tele¬ 
graph, two cylinders of tho 
same dimensions are employed, 
one being plaocd at each station; 
those are mode to revolve at 
exactly tho same rate. A con¬ 
siderable difficulty was at first 
experienced in attaining this, 
hut by means of an electro- 
magnetio regulator BakewoU 
sneoeeded in overcoming it. 

These cylinders are put in edeo- 
trical communication with the 
earth at their own stations, and 
a metallio pointer is placed at 
one side of each oyUndor. This 
pointer is moved slowly along 
by means of a long screw, so 
that for each revolution the 
cylinder makes the pointer ad¬ 
vances about one-twentieth of 
an inoh. The pointers in the 
two instruments are put in elec¬ 
trical oommunioation with one 
another by moans of the line- 
wire, the battery being inter¬ 
posed in tho oirenit. 

A shoot of paper prepared in 
tho manner already described 
is now placed round tho cylin¬ 
der of the receiving apparatus, 
and it is clear that if a oon- 
tinuons currant is allowed to 
pass a spiral lino will bo traced 
from one end of the cylinder 
to the other, the different linos 

Tory nearly tonohing. When the paper is taken oft from tho 
cylinder and unrolled, it will be found to bo ruled across with 
dose parallel Unea. Any intormption in the oorront will, of 
oonrse, oausc a break in these linos, and loave a white spooe i 
and by duly arranging those spaces, letters or any required 
marks may be produ^. Now a very simple plan was devised 
by Bakewell for thtis interrupting the current so as to produce 
ilio required letters. The message to be sent is written with a 
non-oonduoting vamidi on a sheet of silvered paper or tinfoil 
Uio same sise as tho ||Meiving shoot of paper. When tho 
varnish is dry, this sheetia placed in the cylinder of the trans¬ 
mitting apparatus. Tho points of each instraiaent w then 
brought to tito end of the oylindar, and both arc stariicd. The 


current passes through the tinfoil, and the pomtor which rests 
on it, then along the lino-wire to tho distant station, and there 
it oommenoes to tiaoo its spiral lino. As soon, however, as a 
line written in the varnish comes under the pointer, the current 
is momentarily intermpted, and a corresponding blank is left in 
the paper at tho other end. In this way every lino of the 
message is faithfnUy reproduced, and the message appears at 
the receiving end distinctly written in white letters on a blue 

ruled ground. 46 repre¬ 

sents tho words “ Bakewoll’s ” 
as received by on instrument of 
this kind. 

If desirable, a relay may bo 
introduced into the oirouit so 
arranged as to reverse tho 
writing, and trace it in blue 
letters on a whits ground. Tho 
connections in tho relay must 
in this case bo specially ar¬ 
ranged, so that when tho line- 
ourrent is passing, tho local one 
is intormptod, and vice vmd. 
There is, however, little need 
for this alteration, os tho mes- 
sago received in the ordinary 
plan is quite legible. Consider¬ 
able speed can bo attained by 
this instrument, which is cer¬ 
tainly a very roraarkabln one, 
but tho difficulty of ensuring 
tho synchronous ^movements of 
tho barrels is a great dTawl>ack, 
and it has not been employed 
except for experinwntal pur¬ 
poses, and to iUnstrate what 
can bo effected by moans of tho 
telegraph. 

Another instrument of this 
class was invented by tho Abbe 
Caselli, and was called by him 
tho Pan-tolcgraph, on aoconnt 
of its power of transmitting in 
any language, or oven, if needs 
be, in short-hand. 

The annexed figure (Fig. 47) 
shows its construction, and it 
will at once be apparent that 
it acts in a very similar way to 
Bakewell’s instrument just de¬ 
scribed. In place of the cylin¬ 
ders there used, there are hero 
two onrved tables fixed to Ihe 
stand, and on one of those the 
message is written. The peo, 
which is mounted so as to travel 
in an arc, moves from sido to 
side of those, and advances a 
short distance at each motion. 
Its movements ore oontroUed 
by means of a rod connected 
to the pendulum. , 

Tho pendulums at each sta¬ 
tion are similar in length and 
weight, and their movements- 
are controlled by the electrew 
magnets seen at the base, so as further to ensure absolute uni¬ 
formity of speed. Two tables will bo seen at each side of the 
instrument—those to the left ore for transmitting the messages, 
those to the right for reooiving them. The reason of there 
being two tables is that one is used as the pendulum oscillates 
from left to right, the other os it returns. Two messages ore 
thus sent simnltaneonsly. Either set may be called into aetion 
by oonneoting the loose rod under them to the centre of the 
pendulum. In the figure the receiving side is at work, tho 
other rod being disconneoted. The alarum is placed above the 
transmitting apparatus, and the rest of the detiuls of this in¬ 
genious form of tho eleltrie teli^iraph my easily be understood 
from the figure itself. 
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CIVIL ENGINEERING.—VIII. 

BT E. a. BASTBOI.OHKW, C.X., U.S.B. 

DOCKS. 

'Thbbs axe a variei^ of important enginooring operations which 
require to be carried on either beneath or coni^aona to water. 
Sjpeoial plana of action are required for such operations, and wo 
propose to group the whole together under the general title of 
marine engineering. The subject of this paper stands foremost 
amongst this class of operations, and to no country in tho world 
are they of such importance as to Great Britain ; not only on 
account of the nature and »tont of its coasts, but alt^ on 
account of its gigantic commercial navy. ’Wherever its neets 
of vessels congregate, either for loading or discharging, there of 
necessity will our most extensive docks be found. 

Docks are of two kinds, wet and dry. In deciding upon the 
formation of % dock, the nature of the soil must engage the 
most careful and portioalar attention of tho engineer—not, it 
may be, with tho idea of ohanging the locality if the soil be 
unsuitable, but in order to be prepared for every difficulty 
which may arise in respect of tho soil. Tho area of the pro¬ 
posed dock is a material element in considering tlto cost, and 
whilst upon the one hand it is useless to incur unnecessary 
expense in this respect, it is equally important, upon the other, 
to prepare for what may arise in consequence of a probable 
inoreaso in tho trade of Uo port.. 

Tho more important features in tho construction of a dock 
ore—(1) the -walls, (2) the yates, and (3) the 
approaches. The height of tho walls—that is, the 
depth of tho dock—must depend entirely upon the 
draught of the vessels wMch con enter at tho 
highest spring-tido; in other words, it must assimi¬ 
late itself to the natural depth of water mitside tho 
artificial entrance, so that any vessel capable of ap¬ 
proaching the entrance from without, under any y,. . . 

circumstonoes of tide, con be sure of passing over 
tho sill of the gates, and of floating whon inside tlxo 
dock. 

The walls of docks require tho utmost coro in 
thoir oonstruotion. Tho soil must undergo a very 
earefal examination by excavation and trial borings, ^ 

and the foundatious bo laid at sufficient depths— 
not less than six or seven feet—bolow the soil, so 
08 to prevent tho possibility of any disturbanoe of 
it by tho movement of the water, the footings j 

being protootod by rows of pilos and planking. ^ 

In some situations it may be necessary to pro¬ 
vide for the proper escape of land water, other¬ 
wise there is the risk of cither its washing away tho soil and 
exposing the foundations, or of its thrusting the entire wall out 
of its normal position. The best method of doing this is to 
load the water by a formed channel, dredged out at a sufficient 
distance from tiie wall. The outer and more exposed walls 
shonld have oonsidorablo slope, whioh should bo iiicroasod 
a^rding to tho extent of the exposure; this especially applies 
'‘w walls exposed to tho sea. '^^en dock walls ore exposed 
upon one side to tidal waters with only a small amount of 
soU intervening, it is necessary that the bock face of the wall 
should be puddled with olay, siueo the pressure of the enclosed 
water at low tide has been sometimes known to force itself 
througlwthe wall and bank. 

It seldom oocnrs that tho soil upon which a retaining wall 
has to bo built is sufficiently firm to permit of piles being dis- 
• paused with. The whole of the foundations of tho Humber 
•Dock wall are piled, tho piles being 9 inches square under tho 
main wall, and 8 inches square under the counter-forts, which 
are 8 feet 9 inohes wide. Sleepers of half-timber oro bolted down 
upon the heads of the bearing piles, and tho whole covered with 
four-inch planking. These walls have a perpendicular height of 
32 feet, t^ top receding 6 feet 8 inches from the vortical .line. 
This recession is shown in Fig. 14. 

The walls axe 10 feet thick at the bottom, and 4 feot 6 
inohes at the top, and are protected by oak fenders 12 inches 
square. 

In all oases of walls oonstmoted in the sea or in deep rivers, 
jhe foundations xeqnire the greatest cm. Ba oonstruoting the 
mddge at Heid%t Fwronet laid over*the heads of the piles a 
of whole timberi and filled it np level with rabble} 


another series of timbers of tho same scantling was laid in a 
transverse direction, and again brought level by another filling- 
np of rubble, and tho wall built upon it. Sis^ar precautions 
wore adopted for tho walls of the docks at Boclielle, which 
were faced with freestone and backed in with brick, whilst a 
row of sheet-piling was driven along the whole Imi^h of tlio 
footing, to prevent tho water from acting upon the founda.- 
tioK. There are various methods of attaching the upright 
fenders to the walls of docks; one very secure plan is to 
attoeh thorn by spikes and angle-irons to T-irons sot in tho 
solid masonry. 

InstanooB occur, as at Brunswick Wharf, Blackwall, in which 
the waU facing the water is constructed wholly of iron. The 
mode of procedure was as follows :—A. trench six feet in depth 
was dug along the iutouded lino, and timber piles driven 
therein. Tho iron piles may be in one or more lengths. If 
the latter, os was tho case at Blackwall, they ore fastened togotlier 
by a Bookei-joint and sorow-bolt. They ore usually driven at 
intervals of about seven feet, and the intermediate spaces 
filled in with sheeting-piles, which ore seonred at the top by two 
bolts to the top wall of the wood-work at tite back. Tho iron 
plates whioh fill up tho spaces over the sheet-piles were bolted 
to the main piles and to each other, and the joints stopped with 
iron oemont. At Brunswick Wharf tho work is backed by a 
wall of concrete, and has a granite coping. Upwards of 900 
tons of iron were employed in the construction of this whaxf, 
which is 720 feet long. 

The gates of docks are in principle the same as 
X those already described in connection with canals, 

I 1^9 being as a rule very much larger, they dift'ur in 
I 1^^- points of detail. They are not unfrequently oou- 
' lIK stmoted of iron. In all large gates it is usual to 
j rest the foot of the gato upon a curved traverse 

I plate of iron, by a wheel running on centres fixed 

I to tlio gate itself, tlio iron traverse being bedded 

I level into tlio stone apron. 

j The balance lover is also dispensed with, and tho 

! gates opened and shut by oliains running through 

I holes out in tho masonry of the side walls, and 

passing over friction rollers up to a windlass. The 
chain may be endless, core being taken to obtain 
sufficient grip on it, by passing it a number of 
j times round tho barrel of the windlass. A fine pair 

11 of iron gates are to be seen at the wet dock at 

! j Montrose. Tho entrance to the dock has a width of 

jj 55 feet in the clear, tho centre of the heel-post bciug 

V recessed 12 inohes within the face of the wall; thus 

each gate is 28 feet 6 inches wide, and 22 feet 
6 inches high. Wlion closed, tho line of shotting is 10 feet 
from tho straight line whioh joins tho centres of tho heel- 
posts. These latter ore 21 inohes in diameter, and in sectiun 
a little more than a soniicirolo; they wore turned in a lathe 
after casting. Their thiokuoss is If inch, and they are 
made to fit into a oast-iron socket, and work on an iron 
gudgeon 10 inches in diameter, cast on a plate 4 feet 6 inuhea 
long, 21 inohes wide, and 2 inches thick. This plate is dove¬ 
tailed and riveted firmly into the stone, and keyed so as 
to press tho curved side of tho heel-post into tho quoin. 
The quoins are cut to the same curve as tho heel-posts 
and are polished, and the contact between tho stone and metal 
surfaces is so close, that scarcely any water is able to pass 
between. Tho mitre-posts are IS inches brood, and 14 inch 
thick. They ore east with holes to receive the iron bars, which 
are eleven in number, 2 inches thick, 16 inches broad at the 
ends, and IS inches in the middle. Across their ends are 2- 
inch plates with 44-mch screw-bolts, two bolts to each bar, 
whioh pass through tho heel and mitre posts. Tho sills agoinst 
which tho gates close ore of iron, cast in four pieces 8 inches 
deep. The bottom rail of tiie gates is of otdc, fixed to tho 
lowest iron roil by 1^-inoh bolts, and bedded to it by a layer of 
folt. The oak rail is 12 inches thick, 17 inches broad at tlie 
ends, and 19 inches in the middle. The gates have a double 
Itoing of boiler-plate, the plates overlapping caoh other 21 
inches. They are j-inoh thick for tho first C foot from the 
bottom, and lij-inch thick above. TOie collars supporting tho 
heel-jmsts are of wrought 4 inohes deep and 2 inches 
thick, keyed through tlie aimhors; tlieso are of (aBt_ iron S.J 
inohes square, dovetailed into the quoins and nut with lead. 
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The enrrod tiaverae plates are 10 inohea broad and 4 inohes 
thiolc, fiimlt into the stono and bolted, and bedded with felt and 
arhite lead. The rollers npon which the gates rest are of oast 
iron, 18 inohes in diameter and 5 ibohes thick, running upon 
steel axles. The roller-boxes are of oast iron 1^ inch thick, 
and fastened by screw-bolts through the sides of the lowest 
raQ. The slnioes ore 3 feet by 2 feet, and the slnioe-Talres 
are 1} inch thick. The rods for raising and lowering the 
valves are 2 inches diameter, terminating at top in a square- 
threaded screw with brass nut, worked by a wheel and pinion 
and crank handle. The chains for opening and closing the 
gates are |-inoh, proofed to a strain of 22,000 lb. The entire 
weight of each gate is about S3 tons, and when closed and the 
water away from the concave side, they conjointly support a 
water-pressure of about 384 tons. 

The entrances to docks are sometimes closed by means of 
pontoons, whioh are large hollow vessels fitted with a kind of 
keel or projection round the sides and bottom. This keel oorro- 
Bponda wi& and fits into a recess cut in the stone-work of the 
entranoe. The water being withdrawn from the pontoon by 
pumps attached to it, it can be floated over the recess, and 
then gradually fiUed with water, it will settle down into it and 
effectually close the entranoe. Pontoons arc constructed either 
of limber, copper, or iron. Thero is only one objection to their 
use, whioh is the necessity for their being floated entirely 
away when a vessel requires to pass the entrance; in other 
Tospeots they have an advantage over gates, both in simplioiiy 
of oonstrnotion, and freedom from tbe wear to wliich large 
gates are subjected. They may therefore bo employed with 
advantage in closing dry docks, whioh do nut require to be fre¬ 
quently opened and shut. 

It would bo useless to enumerate all the very excellent docks 
whioh this country possesses, but some of the more important 
deserve a short notice, possessing os thoy do points both of 
interest and instruction. First in importance are the many 
extensive docks and basins situated upon the banks of the 
Thames, and communicating witli the river. 

The London Docks, completed in 1805, were amongst the 
first opened. These splendid works were executed under the 
supervision of Mr. Bennie, and occupied five years in oonstruo- 
tion. They have two entrances, one at Wapping, and another 
higher np the river at Hermitage. The entire area within the 
boundary walla is about 71 acres, of which 27 acres ore water. 
A. vast amount of water perco^ted into the excavations, re¬ 
quiring the constant use of on engine of 20 horse-power to keep 
it under. 

The East India Docks, the works of which wore executed 
under the direction of Mr. Bonnie, consist of two docks, the 
export and import, and a basin, having an area respectively of 
10, 19, and 3 acres, with a depth of water of about 26 feet. 

The West India Docks consist of two docks and two basins. 
The dooke lie parallel with eoah other, and are 890 yards long, 
the larger being 500 feet broad, and the smaller 400 feet broad, 
and oontain respectively 30 and 25 acres. Tbe basins form 
oonneotions between the river Thames and the extremities of 
the dooke, and are respectively 2 and 6 acres in extent. The 
water in the basins is nearly the same level with that in the 
docks, and the length of time the water remains in them before 
passing into the docks, enables the sediment to be deposited in 
them. 

^ Tho St. Katherine’s Docks were constructed under the direc-1 
tion of Mr. Telford, in 1828. Although not so extensive as I 
some ef tho others upon the Thames, they are yet very complete 
in their arrangemouts. The look by which tiiey communicate 
witii the river is 45 feet wide, and 180 feet long. 'There is a 
depth of water over the sills of 28 feet at spring-tidoB, and of j 
10 feet at low springs. The wator-orea of the dooks, basin, and I 
entrance is 11 acres. The water is readily maintained at the 
same level in tbe dooks and bksin, by means of two titeam- 
pnmps of 80 horse-power each, which draw their supply from 
the river. Tho soil upon whioh tho walls of these docks arc 
built is a bard gravel, which being pervious to water, it was 
hooessa^ to line the whole of the bottoms of tiie docks, and the 
foundations of the walls and counter-forts with impervious 
cement, end to pud^e the backs of the walti with clay. The 
concrete npon which the Walls skand is composed of eight parts 
of coarse send and <me of blue lias lime, and was laid on 12 
inohaa in thiokoeas. A sill of wood was litid under the front 


edge of the wall, and protected by a row of ebeeting-pilss 14 
feet long and 9 inohes thick, driven dose and having their 
joints caulked for 3 feet in depth. The entrance look is built 
of grey stock bricks, laid in mortar made with Uas limo, and 
the platforms, copings, and hollow quoins of Bromley Fall 
stone laid in cement. 

Whenever praotioable, it is advisable to keep a harbour free 
from mud by eluioing. Hartlepool affords a good example of 
this system. The channel for conveying the scouring water is 
a tunnel 15 feet wide and 4 feet high, between the springing of 
tho top arch and invert. The thickness of the side walls is Si 
feet, protected by external buttresses 3i feet thick, and 4 feet 
projection. The tunnel throughout is floored with 3-inoh 
plank. The slnice-gatos or padres ore of oast iron, imd work 
in cast-iron frames. 

The retaining walla of the Hartlepool Docks have a curved 
face, being 12 feet wide at tho base, and 6 foot at the top. The 
curve represents an arc of a circle, having a radius of 80 feet. 

The most magnificent and extraded range of dooks in the 
world is situated at Liverpool, npon the north bank of the 
Mersey. Upwards of thirteen spacious docks are ooUeoted at. 
tins port, exclusive of basins; of which eight are connected 
together by locks, whilst another group of four lie to the east 
of the others, these also being connected together by locks. 
Thero are altogether nine separate entrances from the river. 
The first dock was oonstructed here in the reign of Queen Anne, 
and is collod tbe Old Dock; and tho others have followed in 
rapid succession, so great has boon the increase in the shipping 
of this port, and the consequent demand for dock accommoda¬ 
tion. The Old Dock measuros 198 yards by 85 yards, and is one 
of tho smallest of tho whole. Another, the West India Dock, 
measures 867 yards by 170 yards, and is 29 feet deep; this 
alone will hold nearly 300 ships. The several dooks are oon- 
neoted by scouring tunnels and sluice-gates. The operation of 
sluicing is exceedingly effective and simple. A dock about to 
be cleaned is left dry at low water by closing the gates, and 
the various sluice-gates being opened, a number of men with 
shovels enter the dock, and throw tho accumulated mud into 
the channels formed by tho aluioes, which carry it out into tho 
river. The spring-tides rise to a height of 33 foot at Liverpool, 
and at this period there is a depth of 89 feet in the channel of 
the Mersey opposite the docks. The qnaya alongside the dooks 
are vory extensive and well constrnoted, and to facilitate the 
shipment and nnshipment of goods, a oontinnons line of rails is 
carried along the north side of tho docks from east to west, and 
connected with tho great railway system of the country by 
branch lines. A complete system of tolegraphic communication 
also exists between the various docks and the Custom House. 

Very extensive docks exist at Bristol. A company was 
formed in 1804 for oonstrnoting docks at this port. Thqr 
cover 82 acres of grotmd, and extend along tho banks of the 
river Avon for 2i miles. The engineer, Jessop, subsequently 
diverted the river for a length of two miles, and out a canal to 
carry off the water. Tho channel thns drained was converted 
into a splendid floating dock of 70 acres area, having an 
entrance basin opening by doable looks into tbe Avon briow, 
and by a single lock into the old channel above. 


SEATS OP INDUSTEY.—XIIL- 

BEADPOBD. 

BT WIIiLIAlt WATT WXBBTXB. 

Abottt eight and a half miles to the west of Leeds, and tiiiri^ 
four miles to the south-west of the city of York, stands Brad¬ 
ford, tiie ohief centre of the worsted mannfaotnres of England, 
and the principal mart for the long wools used in wonted 
fabrics. The site on whioh the town is built is exceedingly 
hcaltby, as is proved by the low annual rate of mortality; and 
the surrounding district is very fertile, and yields an abundant 
supply of coal and iron. From the eironmstanoe of Boman 
coins having •been found in tbe refuse of an ancient blognuuy 
in the neighbourhood, it is believed that the iron mines were 
worked by tiie Bomans daring tbeti oooupation of the island. 
But before the Kormai^ conquest nothing is known tespectihg 
Bradford except that it formed past of tim ymrish cd Dewabmy, 
and its earlier ystory is entir% associated trjtA the castlesof 
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ih« Loaoys, Lords of Fontefraot, irhioh was erected there shortly 
after that event. 

The loosely spnn woollen yB>m oalled worsted reccirod its 
name from the little town of Worsted in Norfolk, where it was 
mannfaotared as early os, and probably before, the time of 
Edward II. At what date this industry was fiiet introdnced 
into Bradford cannot be ascertained. In the Act 33 Henry 
Vin. 0 . 16, worsted yam is described as “tho private com¬ 
modity of the city of Norwich;" while tho Act 34 and 35 o. 10 
of tho same monarch, after declaring “ that the city of York 
afore this time had been npholdon principally by making and 
weaving of coverlets, and the poor thereof daily sot on work in 
spinning, carding, dyeing, weaving, etc.,” and that the monn- 
factare having spread into other parts was “ thereby debased 
and discredit,'’ enacted that henceforth “none shall make 
coverlets but the inhabitants of the city of York.” At this 
time BradfoiS almost rivalled Leeds as a woollen cloth-making 
centre, but both towns were surpassed by WakeBeld, and 
worsted-making was ono of the special occupations of tlio in¬ 
habitants of Bradford, although Norwich was then the chief 
centre of the manufacture. Owing to the settlement of Flemish 
artbans in Norwich, in the reign of Queen Elizabeth, and the 
improvements they introduced, the worsted trade of Bradford 
declined during the soventecntli century, but throughout tho 
greater part of the eighteenth century it was gradually return¬ 
ing, in consetincncc, it is said, of the extravagant wages de¬ 
manded by the workmen of Norwich, which drove the masters 
to tho obooper labour market of Yorkshire. However, in 1800 
tho population of Bradford only numbered 6,400. 

The only events of any groat political importance connected 
with Bradford took place duiung tho Civil Wars, when tho in¬ 
habitants espoused the cause of tho Parliament, and twice 
defoaterl tho Boyalists, but were themselves nftenvards de¬ 
feated by a force under the command of tho Earl of Newcastle. 
With these exceptions the liistory of tho town is wholly in¬ 
dustrial, and the period of greatest interest is the last eighty 
years. Bradford has increased and prospered os machinery has 
been more and more applied to the branches of manufacture 
cultivated in tho district; but it was with the greatest difficulty 
that this advance was made, owing, ia tho first instance, to the 
opposition, of the townspeople generally, including the mauu- 
factnrors, and, in later instauocs, to the opposition of the opera¬ 
tives. In 1793, a Bradford manufacturer named Buckley 
wished to erect a mill to bo driven by steam-power, but desisted 
ia oonseqnonce of being threatened by his neigblmurs with a 
proseention fur nuisance. In the following year tho first 
spinning machinery of Crompton’s make was started by James 
Qarnett, tho founder of ono of the largest manufactories in the 
kingdom, and within ton years after several thousands of spin¬ 
ning machines were in operation in tho town. Tho extension 
of maohinory placed the workirooplo at a disadvantage for a 
time, and, under the mistaken impression tliat their condition 
wouM be permanently injured, they resolved on tho destruction 
of the novel inventions. A great riot took place in 1812, whioh 
wa4 quelled by the military and tho police, and seventeen 
“ Luddites," as the rioters were called, were condemned to 
death and executed. But the machinery went on increasing, 
notwithstanding the antipathy of the workers, and by 1815 there 
were ten mills in Bradford, with an aggregate of 256 horse¬ 
power. Lt 1825 the number of milla was twenfy-aix, and the 
horse-pefiror hod risen to 706. Tho workmen, however, wore 
not yet reconciled to the change in tho system of monu- 
, factnte, and in this year 20,000 persons engaged in a strike 
for increased wages, which lasted six months, and caused wide¬ 
spread suffering. Li 1826 another organised attempt was made 
to cheek the spread of the obnoxious maohinery by force. A riot, 
speoially direoted against tho worsted power-looms that had 
been recently introduced, broke forilt, in the course of whioh 
two of the rioters were shot dead, and several severely wounded, 
by the defenders of the faotorios. After this ocoorrence the 
opposition to machinery seems to have gradually subsided, and 
in 1835 there were in Bradford 73 mills, with a steam-power 
equid to 1,647 horse. Fifteen years ago the worsted factories 
in Oreat Britain numbered 525, and gave employment to 87,794 
persons, and no fewer than 186 of those faotorios, employing 
80,517 persons, were situated in thetoTU and neighbourhood of 
Bradford. Swoe then vei^ marked progress has been made. 
'Vithin the post few years many merchants from Leeds and 


Manchester have established their head-quarters at Bradford, 
and tho town has been greatly improved in many respects and 
considerably extended. 

The population of the town and parliamentary borough of 
Bradford has steadily increased throughout tho present century. 
In 1821 Bradford eontained 13,061 inhabitants; in 1831, 
23,233; in 1841, 34,560; and in 1861, 48,646. The town¬ 
ships of Manningham, Bowling, and Horton, and the villages of 
Groat and Little Horton, are included within tho Parliamentary 
boundary, which in 1841 comprised 66,508 inhabitants, and in 
1861, 106,218. Tho Keform Bill of 1832 gave two representa¬ 
tives to Bradford, and the date of incori>oration is 1847. The 
town is built of free-stoso, and partly on tlio side of a steep 
hill, some of the streets overlooking the houses ia the lower 
parts. The streets in the older quarters are narrow, but those 
more rogently eoustructed are brood, well-paved thoroughfares, 
and oonstitute tho larger portion of tho town. Bradford enjoys 
facilities of communication with tho ports on tho east and west 
coasts by means of the Leeds and Liverpool Canal, a branch of 
which has boon brought into tho very centre of tho town. 

Besides worsted stuffs, mixed worsted, alpaca, and mohair 
goods ore manufactured on on extensive scale at Bradford. 
Cotton and silk fabrics also form important branches of in¬ 
dustry in the town, and the spinuiiig of worsted yam, to be 
woven ^in the power-loom factories, and for export, employs a 
large number of persons. Broad and narrow cloths, wool- 
cards, ond^hom combs arc also made in large quantities in the 
town and neighbourhood, and the dye-works ore very extensive. 
Tho Low-moor Iron Works, three miles south-east from Brad¬ 
ford, and tho Bowling Iron Works, one mile to the eastward of 
tho town, are largo establishments, celebrated for the quality 
of the iron they produce ; but this manufacture, although con¬ 
siderable, is imt BO extensive os might have been expected. 
But the most famous and tho largest manufacturing concern in 
tho vicinity of Bradford is tho Saltaire Alpaca and Mohair 
Works, situated on the Aire, at a distance of about three miles, 
and which forai, with the residences of the workmen and others 
employed in tho works, a flourishing town which is fast rising 
into importance. 

About tho year 1834, Mr. (now Sir) Titus Salt, a young farmer, 
and the son of a Leeds wool-stapler, settled in Bradford as a 
spinner, and shortly after began to make experiments with a parcel 
of alpaca wool that had been sent to tills country from Pern many 
years previons to that date, and had been laid aside in a Liver¬ 
pool warehouse os useless, unworkable material. In 1835 Mr. 
Salt bought 300 bags of the " South American staff," at eight- 
pence per pound, and sot to work to manufacture it. By 1853 
upwards of 2,000,000 pounds of alpaca wool, the greater port 
oonsigned to Mr. Salt, had been imported into England, and in 
that year ho built the Saltsiro Milla and the adjoining town, 
whioh is capable of accommodating 5,000 persons. Upwards of 
4,000 workpeople ore employed in tlio Saltaire establishment, 
which covers six acres of ground. Tho town itself, with its 
various institutions for the health, recreation, and instruction 
of the inhabitants, may bo regarded as ono of the best models 
of a well-regulated industrial community that wo posBcas. 

Bradford contains a free grammar school, founded in tho 
reign of Edward VI., and chartered and partly endowed by 
Charles II., which was rebuilt in 1830. This school is open to 
all boys belonging to tho parish, who may become candidates 
for an exhibition in Queen’s College, Oxford. On the outskirts 
of Bradford is Airedale College, on institution for the prepara¬ 
tion of young men for the Independent ministry, and at Iiittle 
Horton tho Baptists have a similar academy. At Wootoouso 
Grove tho Wosloyau Methodists have a school for miiiistcrn’ 
sons, and at F'ulneck, five miles to tho cast of Bradford, there 
is a Moravian settlement. Among tho public buildings tlio 
most promiiioiit and noteworthy are the Piece^ Hall, built in 
1773, and used for tlie exhibition and sale of nJpacn. and other 
stuffs; tho Court House, built in 1834 ; and St. George’s Hall, 
an edifice in tho Corinthian order of architecture. oreotod_ in 
1853 at a cost of .£28,000, and capable of accommodating 
3,350 persons. Bradford has also n fine public park. There 
ore three important annual fairs bold at Brailford, and the wool 
sales ore attended by buyers from tho most distant parts of tho 
oountfy. Every seventh yea| a festival iu honour of Bishop 
Blaise, tho reputed inventor of wool-combing, is celebrated in 
tho town with great gaiety. 
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WEAPONS OF WAR—X. 

BT AN OFFICES OF THE BOTAI. ABTII.I,IBT. 

ABTILLEBr CABBUGES. 

Hatino already giTon an aoconnt of the vuione natarea of 
guns which the preaent atate of artilloTy eoienoo recosniBoa aa 
beat adapted for oSenaivo and defenaive pnrpoaoa, we proceed to 
oonaidor the mechanical appliancea external to the gun itaelf, 
which ore deaignod to complete its efficiency aa a tool in the 
eoldier’a hand. All auoh appliancea are embodied in the gun 
carriage, ita fnmitnre and aocomponimenta. These in the field 
artillery would inolnde the limber, ammnnition wagon, and 
other Tohielea; and, in the garrison or naval artillery, the 
platform or slide on which the <»rriage ia worked. 

Too mnoh importance cannot be attached to the object of 
perfecting the carriage with its equipment. Indeed, it is im* 
possible to overrate its value. Upon the completouosa of the 
carriage the gun depends for the doe developmest of its de- 


bi^ necoasarily exerted to a greater extent than in the latter, 
wi& a view to ensuring, under the more difficult oonditiona of 
Bhip-b<md, au equally perfect control over the guns with tiiat 
which is obtoitiod on land. 

Without entering too minutely into manufacturing dotaOe, it 
ia proposed to review the general prinmplea whioh moat be 
follow^ in the oonatruotion of the two olasaea of carriages 
above mentioned, showing also how in obedience to these prin* 
oiples the present forma have come to be adopted. 

CABBIAaSB FOB FIELD ABTILLEKT. 

The prinoipal conditions to be fulfilled in a field artillery 
carriage are— 

1. That it shall furnish a oonvenient and aeonre support to 
the gun, both when in action and when travelling. 

_ 2. That it be of a form eaaUy handled and manageable, to 
give direction to the gun when in action. ' 

3. That it be adapted for rapid movements, in conveying the 



stmotive power. Wo may aonopt it then aa an axiom, that the 
oarriago complete should bo ao oonatructod as to qualify the 
gun effectually to cover with ita fire the moat extended area 
of ooantry in the shortest period of time whioh the surround- 
uig conditions and tlie highest attolnablo mechanical skill 
will tender pussible. ft will be readily understood how 
large u field of experimental research must have been ex¬ 
plored in Becking a satisfactory roaUsation of those require- 
monts. 

To adopt a simple method of classification, all artillery car¬ 
riages may be included under one of two hoods, aooording as 
they are intended tor “ field " or “ garrison ” service. These 
two ohief denominationa divide themaelvaa into several anb- 
ordinato varietieB, Buoh as carriages for monntain warfare, for 
guns of position, and siege artillery—the two first of which are 
closely allied, aa regards goner^ conatruction, to field artillery 
oarriagea proper; and in the third we find some natarea aaaimi- 
lating to field, and others to garriaon oarriagea. 

The btoadride and turret o^agea of the Boyal Naey, too, 
in their general features reaei^p some vaturea belonging to 
garrison artillery t though in the former meohanteal skill has 


gun not only over good roada, but also over rough and broken 
country. 

4. l^at provieion be made for an ample supply of ammu¬ 
nition and atoTOB, oaaily aocosaible to the men serving^the gun ; 
also that provision be mode for the oonveyanoe, when neceasoiy, 
of a proportion of these men. 

5. That its comrtruotion shall be auffioiently strong and durable* 
to resist the statical and dynamical strains and varieties of olb 
matio aotion to whioh the contingencies of warfare may oxpoae it. 

6. That it shall admit of being readily taken to pieces and 
conveniently stowed on board ship, a condition whioh js peonlior 
to the military carriages of our oountiy. 

With rospeot to the first condition, as field guna have 
trunnions, a very simple form of oartioge oan bo adopted; all 
that is needfnl, so far aa the oonneotion between the gun and 
ita carriage is concerned, being a frame supporting the trunnions 
in such a manner aa to ^low the gun &^om to rotate'^Bbont 
their axis ihxongh a anfficiont angle for any elevation or depres¬ 
sion that may be neooaaary in laying it. This is seenred by 
providing semi-oirenlat trumuon-holes on the upper surfaces 
of two cheeks or “ l»aokets,” which on separated aboFe from 
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each other at such a diataaee as win 
jnst allow of the working freely be¬ 
tween them through oertain preBoribed 
asgleB, and rigidly connected beneath 
either by croBa-pieoeB termed “tran- 
Boma," or by a solid block called the 

troll,” of which more will bo said pre¬ 
sently. It is highly important that the 
gun should be elevated and depreeaed 
in a vortical plane, this condition being 
essential to accuracy of fire at long 
ranges; the common ariB, therefore, of 
the tronnion-holoB must be horizontal 
when the carriage stands upon even 
ground. 

^e third and only remaining point of 
connection bdtween the gun and its car¬ 
riage is at the casoabel, where there is 
on applianoo for elevating and depress¬ 
ing the gun with great nicety, at plea¬ 
sure. The more modom-designs of field- 
guns having little or no preponderance, 
there is but little strain thrown on the 
nlevating arrangement either in travel¬ 
ling or firing, as compared with that 
which/ the traunions exert upon tho 
brockets. As respects the stability of 
the carriage, it is evident that it must 
have at least three points of support for 
standing securely on tho ground. Two 
of these are at once supplied by tho 
wheels on which tho carriage travels, 
and tho most suitablo position for a 
third remains to bo determined. On 
firing the gun, a violent shock or im¬ 
pulse is oommnnicatod to its oarriago in 
a direction exactly opposite to that in 
which the shot travels. Tho third point 
of support then must necessarily bo be¬ 
hind the gnn, and so situated as to 
chock any tendency in tho carnage 
either to turn round to the tight or left, 
or to turn ovof backwards at the mo¬ 
ment of firing. To answer the first of 
these requirements, tho point mnst be 
selected in tlie same vertical plane in 
which the axis of the bore lies, and for 
the second it mnst not be within a cer¬ 
tain distance from the trunnion of the 
gun, this distance being fixed by the 
angle wbiah an imaginary straight lino 
perpondioulex to tlie axis of the trun¬ 
nions, and oonnocting it with the third 
point of support, makes with the gronnd- 
plabe. This angle, it is fonnd, should 
not exceed 21'^. If the rear point of 
support were brought nearer to the 
trn^ons the angle would incroose, 
and with it the tendeney of the car¬ 
riage to oapsizo backwards on firing. 
This angle is in effect tho limiting angle 
of friction for field-gun carriages. Tho 
rear point, then, is well behind tho gun ; 
ild oonneotiem with the body of tho car- 
‘*nage is Beeured by a substantial beam 
oalled the “trail,” which is strongly 
joined to the axletoee in front, and rests 
on the gronnd behind. All that is needed 
for the stability of the gnn and caniago, 
when the latter stands ready for firing, 
ia that the vertical line passing through 
their centre of gravity should fall within 
the triangle formed by their three points 
of Buppo^ In praotioe it is fonnd that 
if the gvin is balraeed just over the axle- 
tree, BO that the axes of both tmnnio:i^ 
and axletree are nearly in the same ver- 
tioal plane, the conditions of stability 



are seonied. By this arrangement the 
pressure of tho rear end of ^o axletree 
on the ground is about one-half of its 
own weight. 

So far, then, as respects the stability 
of the gun and oaniage, both when finng 
and when ready for firi^, the conditions 
are realised in a two-wheeled carriage 
provided with a trail of suitable dimen¬ 
sion!). Tho next question for considera¬ 
tion is, how would saoh a carriage travel? 
It will bo at once evident that, except¬ 
ing for Very light guns, a carriage such 
ns now dcBcribud on two wheels only 
would be inmlmissible, for this reason— 
tho pressure exerted by the trail on the 
ground when in tlie firing position, 
would whon travelling have to be sus¬ 
tained by tho horse; and in the ordi¬ 
nary descriptions ef field-carriages the 
weight and unwieldinoss of the trail 
alone would bo a sorions objection to 
such a method of draught, and the 
moans of attaching and detaching the 
horses would be correspondingly clumsy. 
We conclnde, then, that a gnn-carriage 
provided merely with two wheels and a 
trail body, while exhibiting on excellent 
combination for firing purposes, is alto¬ 
gether ill adapted for travelling, except¬ 
ing when applied to very light artillery 
such as tliat designed for mountain ser¬ 
vice. Hero a proportionally light car¬ 
riage is needed, to the tnil of which a 
pair of shafts can be readily attached, 
their combined weight being supported 
with ease by the draught animal, which 
is generally a mule. 

In the field artillery, therefore, an 
additional pair of wheels for the support 
of the end of the trail becomes necessary 
whon travelling, and tho result is a 
four-wheeled carriage. It so happens 
that tho oonstruction wo have seen to 
be very suitable as a standing carriage, 
offers great facilities for being converted 
at will into a simple and efifioient form 
of travelling carriage. All that is needed 
for this purpose is to procure an inde¬ 
pendent fore-carriage to which the horses 
are harnessed. Attached to the centre 
of tho hind part of this carriage is a 
strong hof/k. To the end of the trail of 
the gun-carriage proper must bo fitted a 
suitablo iron loop. This is known ns ihe 
“trail eye.” Lifting tho end of tho trail 
off tho gronnd to a height jnst above 
tho level of the hook on tho foro-oaxriage, 
tho hook is brought under the trail eye, 
which is then lowered down into it, and 
soonrod by a horizontal key which passes 
through tho end of tho hook. We are 
thus provided with a strong and woll- 
Gonstructod four-wheeled oarringe. Tho 
fore-carriage is known as tho “ limber; ” 
the process of conneoting the trail with 
it is called “ limboring np ” (Fig. 2), 
tho converse of which is “ nnlimbcr- 
ing.” Tho limber, whether attached 
to the gun-carriage or acting indepen¬ 
dently, is equally available for move¬ 
ment. In one ease it acts ns a fore- 
carriage, in the other as a cart, so far as 
the airangemoiits for travelling are con- 
oemed. Tho shafts, which are rigidly 
oomiected with tho body of the limber, 
take a share with tlie wheels in support¬ 
ing its weight and maintaining it in the 
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prcpor trftTellinjf position. When the carriage is uulimborod, , of the road in such a way as to offer lees reeiatanoe than 
the weight on the shafts is rather exoessive, but this is counter- , smaller wheels would offer to tho progress of the vehiole. It 
acted when in the trarelliug iiusition by tho weight of tho trail has been proved by experiment, and is capable of mathemati- 
acting on the hind part of the limber, and thus counterbalancing cal demonstration, that tho traction or pull of the trace is 
the otherwise great preponderance on the shafts, which would diminished by increasing the height of tho wheel. The ease 
act injuriously on the almft-horao. It is not oontomplivtcd that ^ with which horses can draw a carriage increases with, though 
the limber should be requhod to travel far when detached from not as, tho radius of the wheels. If, for instance, a horse har- 
its gun-carriage. The undue weight on its shafts when thus ' nossod to a cart with wheels of fifteen inches radius draws the 
detached is therefore a matter of little moment. i load with a pull on the trace amounting to twenty pounds, the 

Wo have soon that in order to secure stability in tbo firing ' pull on the trace would not be halved by doubling tho height 
position a certain length of trail is indispeinsablo, and that tho of tho wheels—giving them a radius of thirty inches—but it 
entire weight of gun and carriage must be so distributed as to [ would be very materially diminished. On ordinary roads, where 
bring upon the point of tho trail about half its own weight. As a succession of trifling obstacles are cnoountored uud surmounted 
tho trail must be lifted by baud for the purposes of limbering up by the wheels, the i»ull of the trace would be reduced pro- 
and nnlimbering, tho weight to be raised should be restricted bably from twenty pounds to thirteen pounds by doubling the 
within the lowest limits compatible with tho roquiromonts of height of tho wheels. Hence, though the advantage to the 
stability and strength ; its length should theroforo not exceed , draught is not directly proportional to tho height of the 
those limits, and its weight must be no greater than what is ■ wheels, it is nevertheless very greatly dependent upon their 
neooBsary to ensure sufficient strength to resist tho shocks in- , height; and thus it is highly important to maintain tho 
enried in travelling and firing. In tlie construction of every ! wheels of field artillery carriages at tho greatest diameter 
kind of vehicle, tho minimum of weight consistent vsith a noeos- j which tho limits of convenienoo and moderation in weight 
sary roservo of strength is the object desired. These properties. ‘ will permit. Tho experience of tho British artillery has 
lightness and strengtt, arc primarily antagouistio; and the form , given a sanction to fivo feet as being the moat suitable 
adopted is in effect that to which science and cxi)erieuce point ^ height of wheel for the artillery service ; and with this 
as being tho most effective compromise between tliem. Again, i height of wheel the limber can look round through an angle 
tho length of the trail must be sufficient, and only sufficieut, to , of about 52°, giving tho oarriiigo abundant facility for turn- 
admit of a free passage between tho wheels, in order to gain I ing on ordinary roads, and in manoenviing on tho field. This 
access to the trail-oyo and limber-hook. Tho si)aco botvFeon ' advantageous combination of a high front wheel with u good 
the front and hind wheels is, of course, dependent upon tho ] look is simply duo to the narrowness of tho trail, wliich when 
length of tho trail. It is essential also that tho carrihgo should the gun is limhorud up may bo said to take the place of tho 

bo short, both on aooouut of covering ns little ground ns possible body of an ordinary wagon 

when turning, and in order to diminish as far as practicable If we turn for an instant to the construction of ordinary 
the length of a column when marching along tbo road. wagons, the difficulties involved in securing this combination 

Begardod on its merits os a four-wheeled vehiole, one point is will perhaps bo more readily seen. Hearly every wagon used 
especially worthy of notice in the field-carriage. Tho form of on ordinary roads at tho present day is furnished with front 
the gun and its particular functions admit of the trail being wheels which pass freely under the body—a standing aokuow- 

mode extremely narrow, assimilating to the perch of an ordinary ledgment of tho importance of good locking power. In order 

.^carriage. This construction, without sacrificing tho advantages to soonre this, however, whilst maintaining a tolerably low 
soour^ by a high front wheel, affords ample facility for changing position of tho body, the front wheel must also necessarily be 
direction. Tho limber can be turned to tho right or left, about low to pass ludor it, very much lower than the hind wheels, the 
the troil-oye, as a centre, through a considerable angle before position of which relatively to tke body never alters. Now, on 
its wheel oomes in contact with tho trail, as in Fig. 1. Thus the excellent macadamised roads of England, a low front wheel, 
it will bo soon that this form of carriage claims fer itself almost though objectionable, is not of so very much importanoe, especi- 
oxcluaively tho following advantageous combination :—1. A low ally when tho wagon is on springs. The first two points of tho 
body. 2. Good looking power. 3. High front wheels. This combination before mentioned are seourod; the third is saori- 
combination socuroa pre-ominontly the aU-important qualities flood. Expnrionoo has proved this arrangement to be the best 
of stability when travelling, and handiness in turning; also a suited for ordinary traffic on good roads. For military servioe, 
further advantage, which will bo presently oonsiderod os ful- however, tho cironmstances are widely different. Tlie carriages 
filling in a great measure tho third essential condition which was accompanying an army in tho field must often follow the worst 
stated in the onsot—namely, tho capability of rapid movemont. of roads, and not nnfrcqnohtly across country. Every oontri- 
With reference to tho sooond condition, requiring that tho vanco, therefore, by which tbo draught can be lessened must be 
gun should be handy wfaon in action, the two points to be oon-, oarofully etodiud. It is aooordingly highly fortunate that the 
sidored are—(1) facility for turning the gun horizontally; (2) in' peculiar construction of the gun-carriage does not neoessitato 
u vortioal direction. 1. To turn tho gun horizontally, to the a low limber-wheel. 

right or left, there is an iron staple or shoo fixed upon tho end of The fourth essential condition is secured by carrying thirty 
the trail just above where it re.sts on tho ground. Into this shoo rounds of ammunition complete in two boxes, which ore 
ahandapike,whiobiBalwayBoarriodwIththocarriage, is stepped, plnood on tiio limber. In Edition to these four rounds of 
and is so curved that its point or handle shall be raised to a con- caso-shot are carried, in two small boxes, on the axletr3e of the 
venient height for a man to take hold of when standing by it. gun-carriage. Each 'gun is accompanied on ser^'io < by aa 
One man is able with tolerable ease to lift the weight of the trail ammunition wagon, consisting of a “ body ’’ and a limber, which 
sufficiently off tho ground to enable him to move it either to latter is identical and interchangeable with the limber sof the 
right or loft, causing the gun to turn horizontally about an gun-carriage. The wagon-body has' a perch made of girder- 
imi^inary verMcal axis, equidistant between the wheels, thus iron riveted securely to the axlotree-bed, ’ This perch ooonpias 
givi^ any horizontal direction that may be reqnirod. 2. Tlie the place of the trail in the gun-carriage, and, like it, is attached 
vertioal direction, or elevation, is obtained by raising or do- by an eye to the limber-book. The wagon-body has four 
ptossing the oasoabol. This is effected by an elevating screw, ammunition boxes, and its limber two, each containing fifteen 
tho upper end of which is attached to it, and which works in a rounds of ammunildon, making in all ninety rounds. Tbxui eaoh 
fomaie aorew below, made to revolve by means of a small hand- gun-oarriage, accompanied by one Wagon, has a supply of 124 
wheel worked on tho right bracket of the trail. The gearing rounds of ammunition. This quantity is oonsidered ample for 
is so ooastruoted that a very slight effort with one hand suffices immediate wants, reserves being always in readiness to re;^emUiL 
to rste or loiser the gnn_. the wagons as they become exhaostod. Tho limber-boxes a»o 

With regard to the third condition—^namely, the adaptability fitted as seats for the conveyance of two, -or pmisibly three men 
of the carriage to xapiii movemont—it has alre^y been observed on eaoh limber. In the horse-artillery’ ^e remaining membera 
Hist hiffh whmls can be used i we will now proceed to illus- of the detachment serving the gun are mounted. In the field- 
trate the advantages which they confer. £6gh wfaeeila, if not artillery they march on foot except on emergencies, whmi two 
very ponderous, uanttibnte gccatiy towards easing the draught, additicmal gunners sit on the axletree-boxea of the gnn-oairriagu. 
This they do in a twofold maimeif first by diminishing frio- luid others can be moa&wd on the off-lead and eantni hori s s 
tiog) and peododly. by epanninff mts and hoUows on the euifaoo . drawing the gun. 
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With refwenoe to the ftflh condition, it will suffice to say that 
the dimensiouB of theiranoas parts of the ffon-oaxriage have 
been arrived at throngh ihe experience of actoal warfare, com¬ 
bined with careful calculation. Excepting in the spokes and 
felloBB of the wheels, and the axletree-beds, foot-boards, and 
bottom-boards, no timber,takes any part in the construction. 

In the gun-carriage the brackets of the trail are made of plate 
iron, with angle-iron framing. The body of the limber, excepting 
the axlotreo-bod, is sdso of wrought uon. By a judioions dis¬ 
posal of the iron, the requisite strength is secured without 
excess in weight. The weight of the 9-poundor gun-carriage 
and limber packed complete is about 35 cwt. As to durability, 
it may be affirmed that, with attention to prevent rusting, the 
carriages and wagons are in all their main parts practically 
indestruoMbie. 

With respect to the sixth and last condition—namely, that of 
packing on hoard ship—the ammunition boxes are readily re¬ 
moved ; and when the oorriages, limbors, and wagons ore dis¬ 
mounted from their wheels, an entire battery cun bo stowed 
away in very little space, considering the largo quantity of 
stores it includes. 

Bevortiiig to the fourth condition, it may bo as well to state 
that every oonvenienco for carrying sido-urms, intrenching 
tools, and small stores is applied both to gun-carriage and wagon 
with their limbers; and, indeed, up to the present time a full 
complement of tents for tho ac';omniodation of each gun detach¬ 
ment has been carried on tho wagons—an admirable arrange¬ 
ment, and ono highly conducive to the comfort aud health of 
tho soldier. _ 

BUILDING- CONSTRUCTION—XVIIL 

BOOFS—AKCHED BIBS. 

In fixing the ribs of the dome of the Catholic church at Borm- 
stadt (see page 138) in their places, the plates wore, in the first 
place, merely nailed together; they were afterwards permanently 
-connected, and prevented from altering their shape by bands 
of timber (5 b. Fig. 173) running all round at regular heights ; 
and these are bolted together as shown at e c (Figs. 174 end 
175), the plates being further prevented separating laterally 
by the cross-pieces, d d (Fig. 17-1); tho riba are further stayed 
by additional bands running all round through the middle of 
their width. The openings for these timbers are shown in Fig. 
173, and all the parts will bo seen m their proper places in 
Fig. 176, '^ich is a view of a portion of a dome, showing the 
lower ends of the main ribs, a a, and of an intermediate rib, B. 
The external and internal bands, h b, will be seen notched on to 
tile riba and united by tbe bolts, e c, at the sides of which are 
also seen the wooden cross-pieces, d d (Fig. 174) ; e e is the 
intermediate band, with wedge:^ d d, the purpose of which is to 
cramp the plates together laterally. Tlie proper mode of 
projecting each views of domes will bo given in a subsequent 
figure, it being desirable, at this stage, to contrast tho Be 
Lorme system with that of Emy. 

This system has already been described and illustrated in 
former lessons, and it will therefore be sufficient to show how 
it has been applied. The example (Fig. 177) chosen for this 
purpose is a portion of the roof-truss of the riding-school at 
libonme, near Bordeaux. Tho roof is not of tho dome kind, 
-but covers a building of a rectangular form. 

The sroh-rib, built up of five plates placed horisontally on each 
other, and joined as already shown, abuts against perpendicular 
double-posts, A, resting on corbels, b, bnil.t into the wall, which 
* is one-third wider below than it is above this point. At the 
*top of tins wall-post is a strong oross-pieoe, o, resting on the 
stone comioc, n, which covers the whole widtii of tho top of the 
wall; and this in its turn is laid on the wall-plate, whiofa is 
. placed on the outer fsuie of the wall, eo that it be seen that 
the <entiee weight of the roof preeses downward, or in the 
direction of the wall, and that the tendency of the whole trass 
must be to tie the walls together, not to force them outward ; 
«nd thia, as has already been explained in a former loason (page 
37), k tbe leading point to be kept in view in designing a 
root, ^e princip^f B, abnt upon tbe cross-pieoes, c, and axe 
tied to tile perpendioulsr by tiie strata, t, and to each other 
at the top by ^ ooUar-beMn, o. To tlto frame thus formed, 
touMs, B. I, y, etc., axe attach^, cenverpinj; to the centre of the 
ruas (^sse braces axe double}, and riasp the axob-tiusa, 


tbe principals, and tho tics, b, between them—^boing themselvea 
bound together by means of blocks and bolts, the ends of 
which are shown in tho illustration. The arch-trnss is confined 
at the foot of tbe wall-post by an iron bond, tightened by a 
screw-bolt. This arrangement is shown in F'iga. 178 (the 
section), 179 (tho side elevation), and 180 (the front elevation)- 

I-ABTinONS. 

Partitions are the internal walls which divide the building 
into separate rooms, and may be formed of solid walling, of 
timber framing filled in with brickwork, or may be mode whoUy 
of timber and covered with boarding or laths and plaster. This 
latter kind wiU be here considered. Partitions must be eon- 
struotod on proper principles of trubsing, so as to guard against 
cross strain, especially when placed over a vacuity without any 
support but at the ends, or when having to boor the weight of 
a floor above it. 

Partitions should form a portion of the main carcase of the 
building, aud should not be dependent upon, but should rather 
support tho flooring. An important form of partition is given 
in Fig. 181, which represents a 6-inoh partition so trussed as to 
support a floor above. It will be seen that A B c D is a com¬ 
plete roof troas, with queen-poata x, principal rafters f, and 
straming-pioco o. This truss rests on stone templates in the 
wall. Tho sill at the bottom of the partition rests on a brick 
corbel built out of the wall, and on this is placed a stone tem¬ 
plate Olid an iron clamp. This supports a wooden wall-plate, 
or template, to receive tho end of the sill. 

The middle part of the partition is further to receive folding 
doors. Tho upright posts for this opening are placed under 
the queen-posts, arc kept apart by a stroining-pieee, and pressed 
together at the top-by braces, 11, which, being mortised into the 
sill, act as principal rafters again, and thus a second truss is 
formed under the other ; whilst tho whole structuie is firmly 
braced up by the iron tie-rods at K, K. 

FIBE-rnoOP CONSTEUCTION. 

A perfectly fire-proof construction has yet to be discovered. 
Olid therefore tho author, guided by the best authorities of the 
day, of which Mi-, lloskhigs must rank os one of the highest, 
iiuotos from him the following remarks on fire-proof structures:— 
It is seldom that houses take fire from common accidents, 
such as occur to the lighter movable furniture and to drapery, 
but for the most part from tho exposure of timber in or about 
tho structure to tho continued action of fire, or of heat, capable, 
sooner or later, of inducing the combustion of timber ; and as 
the source is most commonly in some stove, furnaioe, flue, pipe 
or tube for generating or convoying heat, or for removing the 
products of combustion, much of tho real danger to buildings 
by fire would be prevented by avoiding that degree of proximity 
between timber aud all such things as can lead to its com 
bastion. 

“ With tile view of rendering their stairs, partitions, and 
floors as nearly as possible fire-proof, the French frame and 
brace with timber quartorings, much in tho manner practised in 
England, excepting that tho timber used in Paris is generally 
oak, previously well seasoned. Tho frame struoturo being com¬ 
plete, strong oak batten laths, from two to three incIioB wide, 
are nailed up to the quartorings horizontally, at four, six, or 
even eight inches apart, according to the character of the work, 
throughout tho whole height of the enclosure and partition; 
and the spaces between the quartorings and behind the laths 
are bnilt up witii rough atone rubble, which the laths prevent 
falling out until tiie next process has been effeoted. This is 
to apply a strong mortar, which in Paris k mainly composed 
of plaster of Paris, which is there of excellent quality, laid 
on from both sides at the same time, and pressed through tho 
opposite sides, so that the mortar moots and inooriwrates, 
embedding the stone rubble by filling np tho interstioos, and 
with so much body on the surface as to cover np and embed also 
the timber and tho laths ; in such manner indeed as to render 
tho oonoretion of atone and plaster, when thoroughly so^ an 
independent body, and giving strength to, ratlior then roMivmg 
support from tho timber. The ceilings are constructed on a 
somewhat similar system. Aooordiug to their praotiM, the 
n ailing must be formed before the upper surface or floor is ki^ 
being formed fromabovcinstAdof from below. The oarpeuter s 
vroxk being oomplote, strong batten laths are nailed up to tu 
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wider aide o! the joiata, u l&tha are with ua; bnt they axe maoh 
thioker and wider than onr lathe, and ana placed ao far apart 
Ikat not more than perhapa one-half of the apaoe ia ooonpied by 
the latha. Ike lathe being affixed—and they moat be aoundly 
Bailed, as they hare a heavy 
load to bear—a platform 
at xongh boorda ie atrutted 
np from below parallel to tho 
plane formed by the laths, 
and at about half an inch 
below them. Mortar ia then 
laid in from above over tho 
platform, and between and 
over the laths to a thickness 
of from two and a half to 
three inches, and is forced in 
nnder the laths and nndcr 
the joists and girders. Tho 
mortar being gauged, as onr 
plasterers call it, or rather, 
in great part composed of 
plaster of Paris, it soon sets 
sufficiently to allow the plat¬ 
form to be removed onwards 
to another compartment, 
until tho whole ceiling is 
formed. 

*' The plaster oeiling thus 
produced is in faot a strong 
slab or table in the body of 
which the batten-laths which 
hold it up are inoorporated, 
and in the back of which tho 
joists from which the mass 
is snapended are embedded. 

The finishing coat of plaster 
is then laid on. Snoh a oeil- 
ing will resist sny fire that 
can aot upon it fMm below 
under ordinary oiroum- 
stanees, and it would be dif¬ 
ficult for fire to take hold 
from above in snoh a manner 
as to destroy the joists to 
which a ooUing ao composed 
ia attached, the laths and 
the nnder aide of tho joists 
being alike out of its reach; 
and consequently snoh a ceil¬ 
ing alone would diminish the 
danger of fire, although the 
floor above the joists were 
laid with deal boards. 

“But a boarded floor in 
Paris is a luxury not to bo 
found in the dwellings of the 
labouring classes, nor indeed 
ia it to be found in any 
dwelling bouse but those of 
the most costly description. 

But whether the eventual 
surface is to be a boarded 
floor or not, the flooring- 
joists are oovered by a tablo 
of plaster above, os com- 
pletriy as they are covered 
by « plaster-ceiling below. 

Bongh battens, gonomlly 
split, and in short lengths 
stout enough to bear the 
weight of a man without 
bending, axe laid with ends 

abutting on every joist, and as close together ae they will 
lie without having bMU shot or planed on their edges. Upon 
thu rongh loose floor mortsi of nearly similar oonsistenoe 
to that need for oeilings is spread to a thickness of about three 
inchee, and as it is made to fill 8i the voids at the ends and 
Sides of tho floor-Iaths upon the joists, the laths beemne bedded 


npou the joists, whilst they are to some extent alsoinoorpcwated 
with the plastw. The result is a firm floor upon vriiioh in ordi¬ 
nary boilffings paving-tiles are laid, bedded in tenacious eement. 

“ It must be olear that tho timbers of a floor so enoased oonld 

hardly be made to burn, even 
if fire were let in between floor 
and oeiling. But it has been 
already stated that the proo- 
tioe of making these almost 
fire-proof floors ia conneoted 
with the use of waUs which 
have no timber laid in ihem 
bod-wise, and that the tim¬ 
ber enclosures employed in¬ 
stead of waUs and the inter¬ 
nal partitions are rendered 
prootioally firoTiroof, whilst 
tho wooden stuirensos which 
ooonomy dictates to tho 
Parisian builders (the free- 
stone which is used in build¬ 
ing the walls being wholly 
nnfit for tho purpose) are 
also rendered nnassailablo by 
fire by being filled in with a 
solid mass of conoretod 
rubble." 

Tho author has thought it 
advisable to quote the above 
remarks of Mr. Hoskings on 
this snbjoot, in the hope that, 
if it can be proved statisti¬ 
cally that a smaller number 
of dwellings are acoidentally 
destroyed by fire in Paris 
than in London, the system 
hero described may be intro- 
dnood into this country. 

It mnst, however, be 
added that the subject of 
firo-proof oonstmotion has 
within recent years received 
much attention in England, 
and it ia hoped it may be¬ 
come more gonerallyadopted. 
One of the plans patent^ ia 
based, firstly, on the use of 
wrought-iron girders oom- 
bined with concrete, tho 
patentees urging that for 
any part of a struoture to 
be fire-proof all the mate- 
rials employed should be 
absolutely iudestmotible, 
and hence no wood should 
be employed in the absolute 
oonstruotion; though when 
the fire-proof floor is com¬ 
pleted fillets of wood may 
bo bedded in tho cement on 
tho surface for the (attach¬ 
ment of a carpet, or may 
oven be continn^ aoross 
the room and boards nailed 
to them, as in the French* 



The iron ^ders, joists, 
and T-bars oro Stt^ toge¬ 
ther before delivery, and 
after the main girders are 
fixed any boy or labourer oan 
complete work. The 
concrete shonld be mixed tiiiific like the Frenoh hiian, a flat 
board being held up underneath the T-bars whilst spread¬ 
ing it between the joists and girders. A oonorete m^e of 
Portiond oemeut or bluf lias lime with gravel, ballast, or 
broken brick, in the proportion of one part of the former to 
.ttight of the latter, sets qaiol^ and becomes as hard as stone^ 
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The upper snifaoe 
may bo finiabed in 
fine oement, and the 
notched or slotted ends 
of the bare snstain 
the plaster under the 
flanges of the joists 
and girders, where 
there is a tendency to 
break away when any 
vibration takes plaoe. 

Independently of the 
fire-proof oondition of 
floors constructed in 
the manner just de¬ 
scribed, there are other 
adyanta{res*to bo de¬ 
rived from this mode 
of structure. In tho 
first place, tho access 
of rats and mice from 
one part of the house 
to another would bo 
almost entirely if not 
wholly prevented, tlie 
spaces usually left be¬ 
tween the flooring of 
the room above and 
tho ceiling of tho room 
below, the bad and 
hastily-mizod mortar 
commonly used in or¬ 
dinary houses the 
imperfect manner in 
which it is frequently 
laid between the 
bricks or stones of the 



structure, and the hol¬ 
low, nnplastorod in¬ 
terval left between tho 
skirting-board and the 
wall, Wording ample 
opportunity for these 
vermin to make their 
way from cellar to at- 
tio at pleasure. Again, 
floors of oonorete 
would prevent free 
passage of draughts 
and dust, which now 
make thoirway throngh 
shrunken boarded 
floors, and neoessitate 
the placing of a layer 
of brown paper to save 
tho carpet from injury 
by dust. On the other 
hand, concrete, finished 
vrith oement, being a 
better conductor of 
boat than wood, affords 
an argument in favour 
of covering flooring of 
this description with 
an exterior coating of 
planks, a carpet only 
between the concrete 
and the feet of the oc¬ 
cupants of the room 
facing baroly snfiioiont 
to insnro thorough pro¬ 
tection from the chill 
that concrete would 
import. 
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PAESONG and PAHMING economy.—11. 

Bjr Brotawoi 'W’juobtsos, Boyal Agricultural OoUegc, Cireuceator. 
I'BliPABATOBT WORK JJff SOILS—DRAIMAUE—CLAT DURNING 
—LIMINO—SUBSOIL ANl) TllENCH PLOUeHINa, ETO. 
BuSAL ooonotny touches all the three kingdoms into which 
akChral objects hayo been divided. Its foundation rests upon 
inorganio nature, whence, tlirongb the agency of iucompre- 
hensiblo laws, rises the vegetable world, and, lastly, by a further 
and more complex elaboration, animal life. As if to complete 
this cycle of change, the animal finally dies, and is restored to 
the inanimate domain, its component parts ministering anew to 
the dorolopmont of future organisms. First, tho sod, the air, 
and water afford scope for study; secondly, the cultivated 
crops form an interesting group ; and, lastly, tho live stock of 
the farm represent tho animal kingdom. Every study, there¬ 
fore, which bears upon those widely different subjects, bucoinus 
imimrtant to the student of ogricnlture; and hence we find 
chemistry, physics, and geology, physiology, botany, and zoology, 
all to some extent engaged in promoting agricultural advance¬ 
ment. In the following series it must be our object to restrict 
onr attention to farming and farming economy, and to avoid 
the temptation of wandering into the domain of those and 
other Bcionces. In following our subject, wo shall adox3t the 
natural order already indicated, and consider (1) tho soil, 
(2) crops, (3) stock, and, lastly, certain subjects cunneeted 
with land management which do not strictly come under any of 
these heads. 

Soil has boon derived from previously existing rocks, which, 
during long ages, have boon worn away and (Usintegiated by 
the continual action of natural foroos. Honco tho intimate con¬ 
nection of geology with agrioulturo ; for, as rook.s of various 
oomposition constitute large and distinct areas of country, so 
do we find tho soil to vary. Chalk, green sand, oolitic linio- 
stones, Oxford and Eimmeridge clays, each furnish soils of 
definite oliaracter, varying in fertility, iu tenacity, in altitude, 
and in other particulars. 

All soils, wherever situated, are composed of clay, sand, lime, 
vogotable matter, and rocky fragments, and it is upon tho 
proportions in which tho.so familiar snlistances ooenr that fer¬ 
tility in a great measure depends. A fertile soil must bo placed 
under favourable climatal conditions, both with reference to 
heat and moistaro; it must iiosseas an abundant store of 
available plant-food; and it must be in a proper mechanical 
condition. Heat and moisturo ore scarcely capable of control, 
while, on tho other hand, the amount of iilant-food and tho 
physioal or mechanical condition of the soil may be increased 
and improved. Hence we find two methods open to us in 
improving laud—first, onriching the chemical resources of tho 
soQ, by adding to it substaucos valuable t« plants as food; and, 
secondly, improving tho mcclianical condition of the soil. A 
soil may possess every necessary constituent for the growth of 
plants, but if these are unavailable we can hardly expect to aoo 
good crops ni>on it. If, for iustanoo, tho soil is wet or ex¬ 
ceedingly tenacious, then, iu spite of its good chemical compo¬ 
sition, it will be more or less barren. Thus the improvement of 
the mechanical condition of the soil is fully as important as the 
addition of fertilising substances. Without further preface, 
therefore, we pass on to consider the methods ordinarily em¬ 
ployed for improving the physical state of soils. 

All soils do not require this preparatory work. Take, for 
instance, the ease of light, dry land, in which the proper chumicul 
substances occur in sufficient quantity. Such a soil will quickly 
repay the farmer for tho expense of manuring; and this being 
the case, it is no matter of wonder that the lighter soils of this 
country have been long well farmed. The ca.se of clay soils is 
somewhat different. They arc richer than light soils in chemical 
constituents, but these riobca are difficult to reach. More 
capital is thmefore required to cultivate such land, and a longer 
time is neoeBsaiy to bring it into a satisfactory condition. It is, 
therefore, in the management of clay lands that the preparatory 
work of meohanioal improvement is most needed, and even ^tcr 
it 18 aceomplishod continual care is requisite so that every 
tillage operation may tend to induce a state of perfect tilth. 

The means for t^ amelioration of soils are as follow :—(1) 
Drainage; (2) olay-boxning; (8) claying, marling, and miziiig ; 
(4) liming: (5) warping; (6) snbaoiland trench ploughing; (7) 
good oaltiTation. 


Drainage is of all these tho most important, and should 
precede every other operation. If land is wet, capital is use¬ 
lessly expended upon it; but when rendered dry, every other 
improvement is likely to be followed with saocoss. The subject 
of land drainage has been so reoontly placed before the roaders 
of n'Mis Tbchmical Educator, that it appears hardly neoesaaiy 
to revert to it at length. It may, however, bo well to remind 
our readers that on efficient system of drainage is followed by 
u distinct rise in the temperature of the soil, by the iutrodnotion 
of air into interstices previously occupied by stagnant, and 
therefore unwholesome, water ; by an evident improvement in 
the texture of tho soil, and by tho rainfall being rendered 
effective in assisting in tho growth of jdants, instead of abso¬ 
lutely chocking vegetation, as must bo tho case in waterlogged 
soils. Those good offeots arc followed by earlier and more 
abundant harvests, capability to grow a larger variety of crops, 
improved health on tho port of both crops and live’'stock, and 
greater ease in tho i>erformance of all tillage operations. Tho 
soil is also iu a better state for benefiting both by apx>Ucation 
of manure and otlior improvements. 

Clay-burning is a valnablo means of rendering stiff land 
productive. It consists either in burning large masses of clay, 
or smaller heaps of about one cart-load each, and afterwards 
spreading the “aslies” upon tho surface. Mr. Mechi uses a 
strong Bansomo’s plough, drawn by three horses abreast. 

“ Tho earth being ploughed up, the fires are formed on the spot, 
tho workmen placing a certain quantity of dried stumps, or 
wood of sufficient solidity, to miuntain a body of beat, and 
(mclosing tho mass with largo clods. These are carried by 
hand. iSabseqnently, as they get more distant from tho fire, a 
barrow is nsed, and beyond that, a one-horse cart.” Heaps of 
200 cubic yards each are thus burnt. Mr. Pyno, in a oom- 
mnuication to the late Mr. P. Ihisey, says, “ The work begins in 
May, and Ls continued throughout tho summer.” He employs 
“roots and brush-fagots,” and the cost of tho wood is about 
lOs. for every 100 yards of clay burnt. Mr. Itandoll, of 
Chadbury, is a strong advocate for this means of improving 
land, and advises every tenant of stiff soil to adopt it. Uu 
considers fagots to bo preferable to coal as a means of burning 
clay, because the soil is not burned so iiard as is frequently 
tho case whero coal is used. One torn of coal will, with core, 
suffice for fifty cubic yards of clay. In clay-bnming it is 
essentia] that the heat should bo moderate, and that the work 
should nut bo hurried. Tho fire is kindled as above described, 
and as the beat spreads through tbu mass more clay is added, 
osponially to those ]>arts where tho fire shows a tendency^to 
break through tho walls of the clmnp. 

“ In clay-burning,” writes a correspondent to tho late Philip 
Pusoy, “ great skill, and judgment, and munagomont are neoossary. 
Indued, I know of no part of husbandry that requires so much 
good sense, joined with oxperioiice.” Mr. Bandell also states 
that clay-bnrniiig requires great oxporienoe, and that without 
experience descriptions of the process aro but of small utility. 
All writers are agreed as to tho advantage of large heaps or 
clumps, of slow burning, and of cnoonraging a oomparativoty 
Jpw rather than a high degree of heat. 

Should the wind rise, thatched hurdles are need to prevent 
tho fire from being unduly fanned; and if the flame should 
appear at the surface, fresh soil is added to smother it. Mr. 
Bandell guards us against the use of large lumps, which will 
harden into intractable mosses, but other writers do notsi^ea 
with him in this last point, and ^speak of tho lumps as rosily 
falling under the inflnenoe of rain and changes of temperature. 
Tho cost is very uniformly oalcnlated at about 7d. per oubio 
yard in the heap, but must vary with tho price of coal or the 
value of wood nsod in burning. The effects aro a larger yield 
of produce, the land more easily worked, and in many cases a 
considerable extension of root-etdtivation and of sheeii-fanning. 
Dr. Veeloker experimented upon the changes effect^ in clay 
by bnming, and showed that, when exposed to a low red heat, 
the amount of matter soluble in water was considerably in- 
orcosed. When tho heat was increased to bright redness, the 
suluble matter diminished to even a less quantity than in the 
unburnt olay. Judicious burning, therefore, aote both in 
improving the texture by rendering the olay leas tenaoions, and 
also by improving its ohenuoal condition. 

Claying, marUng, chalUng, sad in general nming, soils may 
all be used with great advantage where tike requisite oo&ditions ^ 
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ocoaz. It ia not onaommon to find auoh a combination of aoil 
and Bubaoil that the latter may with advauta^ be miacd and 
spread upon the surfaoe. 

Thua, in Norfolk, marling the sandy aurfaco-aoil ia attuudud 
with great advantage. In Lincolnshire, whore fen lunde of 
peaty oharacter oocnr, the nature of tlie soil has boon greatly 
modified, and rendered suitable for the growth of cereals, by 
bringing up the underlying clay. Again, the upper chalk soils 
may be greatly improved by a dressing of the richer and more 
tenacious lower chalk; and, lastly, clay soils may be benclltod, 
although in a loss degree, by a liberal applioation of sand, os 
has been shown by Mr. Hope’s treatment of Ids Hirlton Vann, 
in Hast Lothian. The marl, chalk, or clay being at a coiivoidcnt 
distance, it is quarried, and carted to the field, lu some eases 
pits and trenches are opened, and the material is brought up 
and spread on the surface. 

Mr.' Cambsidgo, of South Bttuct<iu, Norfolk, effected quito a 
revolution in tlie character of a light sandy farm by applying 
54,055 loads of clay to 286 acres 2 roods 25 poles of laud, or 
188 loads per acre. In other cases 50 and 80 loads por aero 
have been employed with good ofCeot. The result of claying 
and marling is an increase in the fertility of the soil, greater 
strength in the straw of cereals, more certainty in the culti¬ 
vation of clovers and root-crop.-., and a greater power on the 
part of the soil to resLt drought. 


' Warpirig gives an entirely now surface to soil. It may ho 
best explained as a proce.ss by which the suspended mud which 
I occurs in certain rivers is allowed to deposit itself npon a 
prescribed area of land, 'fho chief district whore this improve- 
^ mont can be effected is in North Lincolnshire and South-east 
Yorkshire, on either side of the Hnmbor and its tributaries. 
These rivers coiTy an immense quantity of mud to the ocean, 
and uataiuUy deposit it at the mouth of the Humber. By a 
system of sluices, open ditches, and embanked enclosures, tho 
muddy water is divei-tcd dming spring-tidos, and mode to flow 
where it ia required. As tho water expands over tho “oom- 
IM.rtment” it deposits its mud; and, by regulating the flow by 
means of “call-banks” and “inlets,” an even coating of from 
one to three feet is at length obtained. Warping is a costly 
operation, incurring an expense of from to ^20 per acre. 
It may, however, be regarded a.s securing permanently good 
laud upon an area which previously may have been almost 
worthless. 

Hvhsuil and Trrncli rioughiiuj have boon advocated by many 
agriculturists. Both may ho spoken of as valuable moans for 
deepening tho available feeding-ground of plants, and both are 
^ useful when used judiciously. Indiscriminate deep culture is 
. not, however, to be recomuioiided, as iu some coses it might 
, bo hurtful, while in others no apiircciahlo benefit follows its 
I adoption. Subsoil ploughing may be defined as a method of 


Liming is a valuable moans of both enriehing and improving 
the texture of soils. It exerts a threefold influence, first as a 
plaut-foud, second as an ameliorator of tho texture, and thirdly ; 
as a uentraliser of acids in tlio soil. It is, perhaps, must 
beneficial in tho case of newly “broken up” land, especially' 
of a peaty or vegetable character. Lime is also a valuable , 
application for clay soils in general, and where soils are 
na^raUy deficient in lime it may be applied at> intervals of 
twelve years with excellent results. | 

lame is obtained by heating the carbonate to full redness for ' 
an hour or two. For agricultural purposes, tho impure (native) 
carbonate is burned in a kiln, tho cavity of which is u:-ually 
cither egg-shaped or iu tho form of a truncated inverted cone ; ' 
it is charged with altcrnato layers of cool and liiiiestuue, and ^ 
tho fire is kindled. 'The lime as it is burned groilually sinks , 
down, and is removed by opouings at tho base of tho furniico, | 
and a fresh supply of coal and limestone ia suxiplied at the to]>! 
of the kiln. (Miller.) i 

The following are usual dimensions for lime-kilnsHeight 
inside of kiln, 21 feet; diameter at top, 7 feet; diameter at 
middle, 81 feet; diameter at bottom, 3 foot. Tho kiln ought to 
increase in width from tho bottom upwards, till tho greatest, 
diameter ia roaphed at the height of 11 feet; the walls are then | 
carried up porpendioularly for four feet, after which tho sp.aco is 
narrowed towards the top. The building material should bo , 
good stono, well built, and tlie walla should not be less than . 
throe feet thick at any part. Tho inside should be cased with 
fire-briok, and round the top there should bo some largo firc- 
huns made to pattern, the whole to bo well cemented with fire -1 
clay. At tho bottom there mu.st bo a space two feet square for ^ 
drawing put the lime, and from the top of this to the ontsido ^ 
there must bo an archway for facilitating the same. SnoU a 
kiln will hold 700 to 800 bushels of lime, and will burn at the , 
rate of 250 bushels a day. To furnish 100 bushels of lime, | 
about 6 tons of mountain limestone and from 25 to 40 cwt. ■ 
of cool^wDl bo required. This will make tho cost about as 
follows (see “ Cydopmdia of Agrionltnre ”) :— 45 g. a. 

6 tons of atone, worth lOd. per ton . 0 5 0 

Sny I ton 15 cwt. of coal, at 48. 6d. por ton 0 7 lOl- 
• Lime-bamer, about 2s, per 100 bushels ... 0 S 0 
Kiln tools, interest on capital, etc.. Say ... 0 1 0 

Or, per 100 bushels . 0 15 10.^ 

The wdght of a bushel of lime varies with tho qnality of the 
stone whenoe it is derived, and is variously estimated at 77 lb., | 
931b., and 80 to 1001b. | 

Idmo is applied at the rate of from 3 to 9 tons, or from 100 . 
to 300 bushels. It is carted either into large heaps on the 
headlaud, where it remaina until it is slaked; or it is depusitod 
in small heaps (about ten to the oart-load), covered with a Utile 
north, and .^en left to slake. In both oases the subsequent 
wotlc oousisto in spreading it over thAuxfaoe, after which it ia 
ploughed or oultivatod in. 


disturbing or pulverising the snbsuil; while trench ploughing 
consists iu bringing up the subsoil, and mixing it with tho 
surface-soil. Subsoil ploughing ia seldom injurioas, but tho 
rash commingling of subsoil and soil may bo attended with 
either good or bad effects. A considerable mass of evidence 
collected by the late Mr. P. Pusoy upon subsoil idougbing 
tended to show that stiff clay soils are not jieriuanontly bene¬ 
fited by it, and that the greatest good was effected in tho case 
of lighter soils, where at a few inches beneath the surface some 
sort of “pan” or indurated condition of aoil occurred. This 
jian may uithcr be the cousequonco of the long-continued passage 
of implomonts and horses over tho land during yeara of shallow 
cultivation; or it may consist of calcareous and gravelly matter, 
eompaotud together so as to prevent the passage of either water 
or iilaiit-roots ; or it may bo what is well known ns “ moor-band- 
Iinii,” an oehreons or forruginons deposit, which binds tho 
earthy materials, such as gravel and sand, into a compact 
concretion. Whore land ia thus affected the drainage is 
dofeclivo,the soil is alternately “ankle deep” and snn-soorohod; 
and tho crops, although promising in their early stages, foil as 
they approach maturity. 

In snob cases a strong subsoilcr, drawn by four horses, is a 
most valuable moans of iiuprovement. Clay soils, on the other 
hand, although temporarily improved by the passage of the 
subsoilcr tlirough thfjm, very shortly relapse into their former 
condition, and all ti’acos of tho work disappear. The Marquis 
of Twoeddale has improved an extensive tract of i>oor, high-lying 
soil in Haddington, known as the Yestor Estate, by thorough 
drainage, followed by the use of what he has named the ‘'subsoil- 
troneh plough.” This implement consists in the first place of a 
subsoilcr or coulter of iron, which, as it passes through tho 
snbsoil, breaks and oiiens it. Inuuodiatcly behind this coulter 
is an inclined piano or platform, which receives the subsoil, and, 
as it passes backwards, delivers it at a higher level among the 
surface-soil. 'Tho advantage.s claimed for these operations are 
an increased depth of soil, greater facility for the escape of 
water through drains, and greater ability to withstand severe 
droughts. 

Gemral Ctdtivalion .—After land has been drained, and 
otherwise brought into a state in which it can be profitably 
farmed, it must bo properly cultivated. The foregoing opera¬ 
tions, when once well done, are to a great extent permanent. 
Cultivation, on the other hand, is a oonstantly roeurring work. 
Tho object of all cultivation may bo said to bo twofold: first, 
to bring the land into a proper tilth for tho contemplated crop; 
and secondly, as a moans of destroying vegetable and anmnu 
pests. It is not our intention to enter into details respMiing 
ploughing, harrowing, “ cultivating,” and rolling, hut »thor to 
lay down the principles which, if projwrly carriod out, lead 
to “clean” land and a good state of tiltli. First, tr^, 
dealing with land, we must endeavour to act in concert with 
Nat^, rather than in oppoei|lon to her. Atmospheric umuracoB 
are of w importance which cannot well be overatod, and hence 
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the need of antunin ooltiTation, by which land ia exposed to the 
greatest ohangea in temperature. The most thorough onltiTO* 
tion is required daring the period of “ fallowing.” ^is occurs 
at interrola of from three to aevon years, according to the 
character of the soil, and it is then tihat the land ia thoronghly 
deansed from weeds, and brought to the finest possible tilth. 
The precise conditions which the farmer wishes to induce will 
depend upon the kind of fallow it is proposed to make. Whore 
a “ boro fallow ” is neoessary, a rough oondition of soil through¬ 
out the summer is desirable, that weeds may be destroyed by 
the scorching sun of Juno and July. Tliis oondition of land is 
host obtained by spring ploughing. Whore a root-crop is 
desired, the object is to obtain a fine tilth, to render the land 
clean, and at the same time to retain the moisture in the soil 
for tho nsB of the root-crop. In this cose, spring x>longhing and 
spring working is scarcely desirable. By autumn cultivation 
is meant, first shallow ploughing (or paring of tho stubbles 
immediately after harvest, so as to detach tho woods from tho 
deeper layers of soil), hanowing and rolling, and afterwards 
collecting and burning tho woods in heaps over the field. Tho 
asltos are then spread, maniu'e ia carted on to and spread over 
tho laud, and tho field is thon ploughed deeply and loft until 
spring, when it will bo found in a fiuely-pulvorised condition, 
owing to exposure throughout the winter. Ploughing such land 
again in the spring should be avoided if possible, and the less 
estivation need at that time tho bettor wDl be tho prospect of 
a >oot-crop. By this means a fine surface and a moist con¬ 
dition of soil are both secured. Exceptional treatment is, 
however, so ofton necessary that we must be on our guard in 
accepting any prescribed course of cultivation, and remember 
that whore every field has its own peculiar soil, and every 
season its own oooentrioitieB, it is impossible to frame rules for 
aotion. Autumn cultivation is, however, always safe, and 
should bo followed out os oxtonsivoly as possible. Its ad¬ 
vantages may be summed up os follows :—It ensures the bene¬ 
ficial action of tho frost upon tho laud; it destroys tho larvm 
and eggs of inseots and seeds of weeds; it conserves moisture 
in the soil. Whore steam cultivation has beon introduced, all 
those advantages ore most perfectly realised. Clay lands are 
ever tho most difficult to deal with, and up to this time tho 
expense attending their cultivation, together with their want of 
adaptability for growing root-crops, has caused them to bo loss 
sought after than light lands. Steam oultivation ia, however, 
destined to develop the rosouroos of those soils in a remarkable 
degree. Clay lan^ require to bo worked with much judgment. 
They should be worked dry; their tenacious character must bo 
modified by applications of lime, by bnrning, by good dres.sings 
of farm-yard manure, and by avoiding meddling at improper 
seasons. They must also be cropped with wheat, beaus, and 
clover; and the fallow portion must frequently bo worked without 
a crop. When fallow crops are grown, they must be removed 
from the land before wot weather sets in during antnmn. Tho 
oultivation of light land is easier than that of cloys. These 
soils require compression rather than lightening up. Thus we 
find sheep are fed upon root-crop in the winter for the purpose 
of consolidating the soil. Tho light-land former is always 
insisting upon tho importanoo of having his land “ firm,” while 
the olay-land farmer endeavours to oonntoract the heaviness 
and retontivenoss of his land. Such is a brief statement of the 
moans at out disposal for improving the texture of clay soils; | 
it yet retnains for us to consider how they may be enriched by ' 
tiio addition of fertilising materials. Furtiier information npen j 
the points tonohod upon in this chapter will befonnd in “Morton’s I 
Oyoloptedia of Agrionltnro” (Blackie and Son), and the “ Journals 
of the Boyal Agrioultural Sbeiety ” (John Murray). 


THE STEAM-ENGINE.—X. 

By J. M. WinNsn, B. A. 

TBBTIO&L BNOINBS — COUNTEB^ —KARljns MJtOlNEB — ^PASDIiEB 
—SGBXW—OOVKSNOBS — MIWCT-ACTIN’O, TBUNK, AND 
BIDK-IiXTXB XNOtNKB—HTDBAUUG PBOPXIiIiBll. 

Robrontax, engines can be fitted with a condenser as sasily as 
those which have a beam j but this is not very frequently done: 
^ a gonersl rule, they are of (ho den-oondensing class. There 
itoa abnost endless vanety in the form given to tb etfo 


but the action of aU is very aimilair to that of tho one we have 
already described. 

There is, however, one modifioation whioh we must jnst notioe 
in parsing, and whioh is known as the “ osoillating engine.” 
In this form the cylinder is monined so as to vibrate on an axis 
situated at its lower end, or else at tbe oentro os in tho figure. 
Tho guides which control tho piston-rod and the connecting- 
rod are here entirely dispensed witii, and the piston-rod is con¬ 
nected directly to the crank, so that as it moves up and down 
tho whole oylinder vibrates from side to side, and thus all strain 
on the rod is avoided. Fig. 38 wiU render this quite oloar. 

Tho steam-pipe is so arranged that it enters at the axis, and 
tho valves arc moved in tho usual way by an eooentrio. In an 
engine of this kind the greatest simplicity is attained, and tho 
unmbor of working parts is redneod to a minimum, but it has 
never been very generally used os a land engine. In stoam- 
vcssels, however, the principle has boon carried o«t very suo- 
cessfuUy, os will bo shortly explained. 

There is one other osoful appendage to an ongine whioh wo 



must just desoribe here. This is known as the “counter,” or 
engine clock. Very frequently it is important to know tho rate 
at which an engine is working—that is, tho number of strokes 
per minute it is making. The “ counter ” nooomplishos this. 
It consists of a dial with suitable attoohments, and is .so made 
that it registers the number of strokes or revolutions made since 
it was set, and thus we can at once tell the number it is making 
per minute or x>cr hour. 

Soon after the steam-engine hod begun to bo at all generally 
adopted, attention was directed to tho discovery of tito best 
manner of rendering it availabie for pnr}K>Bes of navigation. 
Great practical inoonvenience had long been caused by the 
dependence of vossels on the influenoes of wind and tide, and, 
even before steam was suggested, varions meobanical con-* 
trivanoes, sot in motion by the power of man or of borsos, had 
beon devised for the purpose of propelling vessels. 

The most plausible of these consisted of a wheel carrying a 
number of floats round its circumference, after the plan of onr 
paddle-wheels. About the year 1788, a Mr. Miller appears to 
have constructed a small vessel of this class, and to have driven 
the paddles by means of a steam-engine. It was only a small 
Tossel, and was used for experimental purposes on a lake in his 
grounds; but the attempt waa so far snocessfnl, that various 
modifications and improvements were soon m^e by other 
inventors, among whoin the most prominent were Taylor, 
Symington, Fniton, and Bell. 

We most not, however, pursue the history of the marine 
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engine, interesting thonghit be to trace its gradual dcrelopment; 
nor con we, in a brief series of papers like the present, inquire 
fully into all the details of the oonstruotion of marine engines 
generally, more espooially as we should find that almost every 
maker has some spooial form or peculiar oonstraction which he 

considers the best. All 
that wo can do is os 
briefly as possible to 
refer to the principal 
points in which they 
differ from other eu- 
giuos. It is clear, in 
the first place, that 
since the engine has to 
bo carried on board a 
vessel, in which as 
much room as possible 
is required for the ac- 
oommodation of pas¬ 
sengers and cargo, it 
Fig. ao. must itself occupy as 

little space as possible, 
and also must bo as light in its construction ns it oan be, con¬ 
sistently with having snflioient strength. For tho same reason, 
too, the whole must bo so arranged as to consume as little coal as 
possible. As a general rule, the vessel on starting roust carry 
the greater part, or tho whole, of the coal she will require 
during her voyage, since there are not many foreign stations 
where it can eiifiily bo procured, and even at these a greatly 
enhanced price has to bo paid for it, usually throe or four times 
tho price that would have to be paid in this country. When 
wo remember that in many large vessels tho consumption may 
amount to thirty or forty tons a day, and that often they have 
to ran very oonsidcrablo distances without stopping, or without 
any opportunity of coaling, it will easily bo seen how important 
it is that tho amount consumed, os compared witii tho work 
performed, should bo roduood to a minimum. Tho actual 
amount consumed incroasos greatly with tho speed, and henc.e 
in the navy, on occasions whore there is little need of dispatch, 
a great saving may bo effected; in tho merchant servioo speed 
is generally required, as more voyages may bo thus accomplished 
the saino time. 

From their greater economy in fuel and other causes, low- 
presHuro or condensing engines are almost oxclusively employed 
in this country. Several boiler explosions, too, have occurred 
with high-pressure engines, and this has tended to strongthon 
tho feeling against them. 

There are two modes by which the power of the steam- 
engine is usually made to impart motion to tho vessel. Those 
BTO by means of paddle-wheels or by a screw-propeller. The 
former plan was first introduced, and was for a long time exclu¬ 
sively employed, but it is now rapidly giving way to the 

screw. In it a largo 
and strong shaft 
passes from side to 
side of the vessel near 
the centre, and on 
each end of this a 
paddle-wheel is firmly 
secured. This con- 
sists usually of two 
or throe metal rings, 
with paddle-boards or 
floats fixed to them. 
As the wheel rotates, 
these act on the water 
like oars, and thus 
propel the vessel. In 
Fig. 40 . Fig. 39 such a wheel 

is represented in sec¬ 
tion, and several dotted lines ate drawn across it to represent 
different depths to which it maybe immersed in the water; by 
observing the different angles at wMoh the floats strike these, we 
(flian easily see yrhat an important thing it is to allow them to dip 
the right distance below the water. If the wheel be too deep, 
as it )B in &e figure, mndh power is ogpsumed in moving the floats 
throngh the water, and, as will be seen, they oppose one another 
to a certain extent; if it be too high, they got but little hold. 




Now when a vessel leaves the docks to start on her voyage, 
ehe in naually somewhat deeply immersed, and henoe the poddies 
do not act as well os they might. As the voyage progresses, 
some of the coal is oonsumed, and thus the vessel rises higher 
; and higher out of the water. In some cases there will bo a 
I diffenmoe of three feet, from this cause, botwoon the draught of 
I water on leaving tho port and on arriving out. It is clear, 
I therefore, that tho paddles must be adjusted for the medium 
' displacement; but still there is a loss of power, and this is a 
I considerable drawback to the employment of this mode of 
I propulsion. 

To obviate this in a measure, “feathoring paddles” have 
I been introduced. In those, each float, instead of being fixed to 
j the wheel, is mounted so as to turn on a pivot. An eccentric is 
I then fixed to tho end of tho shaft, and from this rods load to 
I tiio floats, and thus cause them to enter the water almost 
I vertical, and to remain so as they pass through it. A con¬ 
siderable saving of power is thus effected, but the wheels are 
much more liable to got out of repair, besides being very 
, greatly increased in weight and in cost, and hence they are not 
i generally adopted. 

In screw steamers the shaft runs lengthwise along the vessel, 

' and tho screw is placed at the stern, in an opening between it 
and tho rudder-post. Much of the efiiciency of the screw as a 
propeller depends npon the lines of tho vessel. In several of 
the early experiments, the stem of the vessel was not suitably 
moulded, and, as a result, tho performance of tho screw was great^ 
inferior to tho anticipations 
which hod been formed. 

An idea of the construction 
of a screw may easily be 
formed by imagining a thin 
X>1ate of metal on its edge. 

Wound round a small spin¬ 
dle, or by supposing the 
thread of an ordinary screw 
extended outwards from tho 
centre. By the pitch of tho 
screw is meant the length of 
sjnndle in which tho thread 
completoB one revolution. In 
many screws the pitch is 
great, and then two or three threads, parallel to one another, 
are used. 

If we have such a screw with three threads, and cut off it a 
slice BO thick as to contain abont one-sixth port of a fnll turn, 
the piece cut off will clearly have three blades or arms pro¬ 
jecting from it, oach of whii^ will be twisted partly round, os 
shown in Fig. 41. Each of those cuts tho water as it revolves, 
and thus pushes forward the vessel just as a screw would if its 
nut were fixod while it revolved. At first a much longer soitow 
was used, but itis now found that a short portion will answer 
as cffecfamlly. ^ The usnol plan is to make tho pitch of the 
screw about eight or ton feet; sometimes, however, it is con¬ 
siderably greater than this. There exists, however, on munenso 
diversity in the forms given to the screw, and in the number of 
blades; the general number is either two or throe, but some¬ 
times there are four, and in Captain Ericsson’s propeller there 
are six, but these are fixed on a short cylinder connected with 
tho shaft by throe or more arras. Many vossels are now fitted 
with twin sorews, one being placed on each side of tlie rudder. 

Whether, then, the vessel is propelled by a screw or by 
paddles, we have in either case a horizontal shaft which has to 
be driven by the engine, and the engine must be so arranged oa 
to impart a regular movement to this. One difficulty, espeoially 
in tiio case of a screw stoaraor, is caused by tho necessity for 
the shaft to bo low down in the vessel, since the screw should 
be completely submerged even when the vessel is light. 

Then, too, a fly-wheel is inadmissible both on account of tho 
space it occupies, and of the irregular motion of tlie vossol. 
This difficulty is usually met by employing two or three enpnes, 
BO arranged that when one is at its dead point ” tho othero 
shall be working fully, and thus a nearly uniform motion is 
secured. 

In a rough sea, however, there are very great fluotnations in 
thq strain on the engine; at one moment the propeller Is 
deeply immersed, and thefi again it is lifted quite out of tho 
water. This causes the engine to “ race ** oonsiderobly, and a 
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maa ia Bometunes Btationod by the tbrottilo-valve to moro it by 
hand, and piorent this aa far as possible. Varioos kinds of 
goremorB haTe been trie<l 'with the same objeot, the ordinary 
baUs being clearly unsuited, as 'the motion of 'the vessel would 
interfere with their action. 

“ Silver’s momentum governor ” is that most generally 
employed, and it is found to answer well. It consists of a 
small but heavy fy-wheel set in motion by the engine, the 
driving po'wer being transmitted to it by means of a spring. 
The wheel moves at a considerable speed, so that its rate of 
movement is not easily altered, much power being stored up in 
it. Now if the rate of the engine be suddenly increased, the 
governor tries to maintain its own speed, and in so doing acts 
by means of 'the spring on the throttle-valve, and partially 
closes it. In a similar way a decrooso in speed opens the valve, 
and thus a nearly uniform rate is maintained. 

The shafts which move tho screw or paddles have a very 
great strain on them, and must therefore be oarefuUy made and 
tested; even then, however, they often crack after a few years’ 
USB. The iron appears to undergo a change by the continued 
jar, and to become brittle. Steel shafts have been -tried, but 
have not been generally approved of, as they ofton break with¬ 
out giving any signs of warning, while in tho case of wrought- 
iron shafts a small flaw usually appears first, and thus allows 
a Buffioient space of time to prepare a new shaft, or to change 
-the old one. 

In a screw vessel tho propelling power is at the stem, 
and thus the vessel is moved onwards entirely by tho thrust of 
the shaft, and suitable arrangomonts have to bo mado to with¬ 
stand -this. SometimeB a thmst-block of steel, securely fixed 
to the engine, is placed at tho fore-end of tho shaft; but the 
more common plan is -to employ a “ collared bearing.” In this 
tho axle at one of -the bearings, ins-toad of being plain, is cut 
into six or eight deep square grooves, and oorrospou^ng grcKWOs 
are out in tho block, which thus takes the strain. The friction 
in this cose ia of course very groat, and much coro is required 


“ geared ” ouginea are going out of use, and in nearly all oases 
the motion is. now imparted direct to the shaft. 

Another kind of engine, frequently employed, ia kno-wn as 
the “-trunk engine,” and this is one of the most compact 
forms mode, sinoo in it the piston-rod and parollol motion are 
rendered unnecessary. A hollow trunk or cylinder is fixed to 
the upper face of the piston, and is mado to work steam-tight 
through a stuffing-box in the cylinder 
cover. Sometimes, to impart additional 
strength and to equalise the strain, this 
trunk is continued below the piston, and 
made to pass through another stuffing- 
box in the lower end of the cylinder. 

The connecting-rod is then fixed to the 
top of tho piston insido this tube, which 
is of Buflioient dimonsions to allow room 
enough for the rod to oscillate in it 
from side to side as tho crank revolves. 

'The annexed sketch (Pig. 42) will render 
this clear. 

It will at once bo soon that in an 
engine of this description tho effective 
area of the piston is diminished by the 
space ocoupiod by tho trunk, but this Fig. 42. 

loss may easily be compensated for by 

slightly enlarging the cylinders. AVhen these aro placed hori¬ 
zontally, as is often the case, all the machineiy can be placed 
well below tho water-line, and this, nspcoially in the oaso 
of vessels of war, is a very important thing, ainco a shot will 
seldom penetrate a vossol far below this level. 

The engines originally adopted for use on ships wore a 
modification of tho beam engine, already described, and aro 
known as side levers. In those, instead of an overhead beam, 
one was itloced at each sido of tho cylinder. Those wore con¬ 
nected at one end -to a cross-head fixed to the piston-rod, and 
kept-vertical by guide-rods or a parallel motion; and at tho 



-to prevent the bea;ring becoming unduly heated. 

The bearing where the shaft posses out of tlio vessel, at -tlie 
stem, is usually lined with pieces of lignum -vitie or some other 
hard wood, and the little water which leaks -through lubricates 
it and keeps sll cool. 

There ore groat varieties in marine engines, but most may be 
arranged in -two or throe classes. The first of these are known os 
“direct-acting” engines; in these the piston-rod is joined to the 
oosmecting-rod, and thus acts directly on the crank without tho 
intervention of any sido lovers or other similar contrivances. 
In this way a considerable saving of room is effected, and the 
machinery is rendered less cumbrous and complicated; but 
there ia idie disadvantage that tho stroke must of necessity bo 
somewhat short, and the oonneoting-rod likewise is short, so that 
there is much additional wear and strain. Some plan, too, has 
-to bo devised for making the piston-rod move in a straight line, 
as the strain on it from the short connecting-rod ie very great. 
This is BometimeB effected by means of a Beries of jointed rods 
whidh form a “pazallel motion; ” in other cases a cross-hood is 
attached to the piston-rod, and ia made to slide between fixed 
guides which keep it in its place; while in other engines, again, 
the cylinder itself is mado to osoillato on trunnions fixed near 
its centre, the steam being allowed to enter through these. 
TQie piston-rod is then connected direct -to the crank. 

It is by no means uncommon for two of those plans to bo 
oombinod, and thus we sometimes see steamers in which there 
arc three oylinders, -the outer ones being fixed, whUo tho centre 
one is mode to oscillate ; nor is it nnnsusl for the fixed cylinder 
to be inolinod or inverted so as to act more readily on the 
shaft. The variety is in fact so great, that scarcely any two 
engines are built on tho same model. 

There was at first some difficulty in imparting a snfiiciontly 
rapid rotation to -the eorew-ahoft, and the plan was introduced 
of multiplying the speed by means of toothed gearing. In this 
form a large wheel is put in motion by the engines, and the 
teeth of -this work in those of a smaller one on the crank-shaft, 
and thus the speed is largely increased. This plan answers 
ranch better ihsn might be expected, and when the teotli are 
made of hiud -wood and -well-shaped, there is little wear, and 
-they work very steadily. It -was, however, soon found that the 
speed of the piston might be safely and easily increased, and at 
the sanw time -the stroke might be shortened; and honed 




other end, to tho oonnecting-rod which imparted the motion to 
the crank-shaft, os Fig. 43 will show. The benefits of this 
plan were that a much longer conneoting-rod could bo employed, 
and thus the movoment was -transmitted more evenly, and also 
that the parts wore well balanced; but direct-acting engines 
save BO much in space and in weight, that they ore fast super¬ 
seding these. 

There aro a few special features common to nearly all marina 
engines, to which we must now refer. On board ship the 
utmost care has to bo -taken to guard against fixe, and hence in 
tho boilers the furnoeoB and flues are always entirely internal, 
being surrounded in ovoiy direction by a layer of water. 'Ihey 
arc usually made 
sufficiently largo 
to allow a boy to 
enter and clear 
out any deposit, 

as this would ^ 

injure the plates ii 
if allowed to ao- 
oumnlato against 
them. Tho flues 
should also be so 
arranged that 
the steam, when 
generated, con 
easily rise. If it 
remains long in 
contact with the 

plates, it keeps the water from them, and thus allows them to 
become unduly heated. 

Tho utmost care is, of course, required in feeding the boiler 
BO as to maintain the water at a uniform level, and here there 
is an important point of difference from land boilers—^tho feed¬ 
water is salt. Now only pure water passes over in the form of 
steam, and hence the water remaining behind in tho boiler 
rapidly becomes charged with the various salts which enter into 
the composition of sea-water. The result of this is to oanse a 
thick deposit of scale on the boiler, and at tho some time to 
corrode the fjlatea. This diffionliy is usually overcome by 
blowing off into the sea.a certain portion of the contents of the 
,| boiler, and thus getting r(d of the excess of salt, and maintain- 
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ing the water at a proixjr donsify. The engineer in charge 
mnet frequently teat -^e water in the boiler, to nuke sure that 
this la properly done. Aa a general rule, frotd a quarter to a 
half of the amount of water auppliod to the boiler has to bo 
“blown off” in this way, and the boat plan ia to have a apooiul 
ooolc prorided for the purpoae, and capable of exact adjnatment. 
Thia ahould be kept continually open to anoh an extent aa to 
allow a oonstant atrcam to eacape, auffleiont in quantity to keep 
the water at a auitable degree of aatuiation. 

It ia beat to take the blow-off water from the surface, as 
TBiioue partiolea of “ acalo ” and other impuritien are carried 
there by the ebullition. A large shallow x>an is therefore placed 
a few inches below the surface of the water, and the blow-off 
leads from the centre of this. 

There is manifestly a very considerable loss of heat by this 
idon, and to ohriato this to a certain extent surface condensers 
are now generally adopted. In these the condensing water is 
not allowed to mingle with the steam, but is made to pass 
through a series of pipes on the surface of which the steam is 
oondonsod. In this way the condensed water is perfectly fresh, 
and the boiler is fed with this, so that the same water is used 
over and over again. This plan alone will not answer, however, 
as a portion of the steam escapes and is lost, and besides this, 
the water soon becomes so foul from the grease used, and the 
partiolos worn off the bearings and other parts, that it eorrodes 
the plates to a great extent, .ind causes the engine to “ prime ” 
very much. 

The best plan appears to ho to work tho boiler at first with 
salt wator till a thin scale has formed, which serves to protect 
the plates. The boiler is then fed more from the oondonsor, 
and loss from the sea; but a certain portion of sea-water is 
always used so os to keep tho water clean, and to maintain tho 
density in the boiler about equal to that of the sea. Tho less 
oil or tallow is used, the bettor. lu this way there is a much 
loss amount of “blowing-off” requisite, and the boilers are 
kept in good oondition. 

Whichever form of condenser is adopted, it is very desirable 
to make arrangements by which it can, if necessary, be fed from 
the bilge of the vessel instead of from the sea. In this way a 
leak in a vessel may often be kept under, and largo ships have 
sometimes been thus saved. 

In engines need in river steamers the mud with which tho 
water of the stream is frequently impregnated is sometimes a 
Bonroe of difficulty and disaster. Thus in tho large and power¬ 
ful steamboats which run on tho Misaiseippi the quantity of mud 
held in suspension in tho water of this river below the mouth of 
the Missouri frequently causes an explosion in the boilers by 
aoonmulating in a thick stratum at tho bottom, as tho salt 
aoonmulates in a marine boiler. Tho only remedy is to blow 
the water ont of the boiler from time to time. This, however, 
is frequently neglected, and has caused many of the terrible 
Bteamboats accidents that have ooonrred on the American rivers. 

Before passing from the sabjeot of morino engines, we must 
just refer to an entirely novel kinfi. of propeller recently intro- 
dnoed, and tried in H.M.S. Waterwiich, which was launched in 
1866. In this there are neither screws nor paddles, the pro¬ 
pelling force being entirely derived from the reaction prodneod 
by two large jets of water, thrown from nozzles placed at her 
sidoB a little below the water-line. 

In the centre of the vessel is a large horizontal torbino four¬ 
teen feet in diameter, fitted with twelve blades. This draws 
the water from the sea, and forces it into a large chamber, 
whence it passes along rectangular pipes to tho nozzles. Of 
those there ore four, two pointing forwards and two aft, and 
the water may be made to issne from either pair at pleasnro, 
and thus propel the vessel in either direction, a rudder being 
placed at each end. The vessel was tried and compared with 
the Vvfm and the Viper, two vessels nearly similar in size and 
make, but fitted with sorew-propollers, and ihe result was very 
sai isfaotory. Tho speed attaint by the Watervoitch was about 
midway between that of the other two vessels, being about 9| 
knots. 

In taming about, however, the other vessels, which* were 
fitted with twin sorews, had the advantage; but this oonld 
probably be easily remedied by altering tho nozzles, so that 
t]^ oo^ eject the water at an instead ei merely in the 
dirMthm of the vessel’s length. xEds plsii has not, however, 
been adopted in many other vessels. 


SANITARY ENGINEERING.—III. 

PHOTOMETEY, OR THE MEASUBEMEIIT OF GAS AND 
OTHER LIGHT. 

In two previous papers we have dealt with the subjeots of the 
" Manufacture of Gas by Public Companies,” and “ Ga8-buinor.s 
and the Economy of Gas Consumption: ” we are now going a 
step further in the same direction, and shall endeavour to explain 
how gas-light is measured, how one burner con be compared 
with another, and also how tho comparative lighting powers of 
different samples of gas can be ascertained and defined. This 
is done by means of an instrument called a photometer, or ligbt- 
measurer, which cotisists of a long rod—five feet is not aa un¬ 
common length—carefully graduated from end to end, and fixed 
in a perfectly horizontal position; at either end of the rod, at 
adjusted foci, are the moans of fixing cither sperm candles (for 
a reason hereafter to bo explained) or various descriptions of 
gas-bumera—arrangements, of course, being made by means of 
flexible tubes or otherwise for tho laying on of the gas—and the 
operation of tho machine is os under. The experiments mustf 
bo conducted i '. a dark room, from which every ray of natural 
or r.rtifieial light is carefully excluded, with the exception of the 
lights which are the subject of investigation— i.e., which have 
to be measured. Backwards and forwards along the rod with 
its fixed light at either end a small motoUic frame travels which 
carries a screen, a few inches square, of paper, one portion of 
which is saturated with oil so as to render it transluoent, while 
the other portion remains in its natural state. When the screen 
is close to tho light at tho one end, the shadow thrown by tho 
opaqne portion of tho paper is distinctly visible on the side 
opposite to tho light; and when moved along the side to the 
other end, the convorso result is obtained. At some given point 
between the two lights there is no shadow thrown either way, 
the power of tho two lights balancing each other; the position 
of the screen on the gr^uated scale indicates the comparative 
power or mcasnrement of tho light. 

Now as to the way in which this is practically applied. The 
wM of calculation ^opted in practice is a sperm caudle one- 
sixth of a pound in weight and burning 120 grains per hour; 
this is called a “ standard candle,” and the “ standard burner ” 
in use in London is Sugg’s Ix)ndon orgaud, Kumbor 1, which 
wiU indicate by the photometer a light v.arying with the quality 
of gas—of, say, from 13 to 17 candles. We mention these 
figures, not ns tho extreme which can bo reached, for oannel gne 
of superior quality will give a much higher result, as we shall 
show by some figures in tho sequel; but os pretty 'well induding 
all the ordinary qualities of common coal gas likely to ho sup¬ 
plied for household purposes, and showing the way in which 
legislation is brought to boar upon the subject, to protect the 
public and give some guarantee as to the quidity of the gas 
supplied—a necessary precaution, gas being, more espoeiolly in 
county districts, almost a monopoly from tho more necessity of 
tho ca.so. We give an extract from one of the half-yearly 
“instructions” issued by the metropolitan gas referees to their 
examiners:— 

“ 'The burner to be used for testing the common gas of tho 
Gas-light and Coko Company (which is required to have an 
illnminatmg power of 16 candles) shall bo Sugg’s London 
argand. Number 1, with a 6" X 2" chimney; and for the gas of 
tho Imperial Gas Company and the South Metropolitan Gas 
Company (which is required to have an illuminating power of 
14 candles) Sugg’s London orgond, Number 1, with a 6" X IJ" 
chimney. If at any time tho gas flame toils over the top of tho 
olumney, a 7" X 2" chimney sliaU bo used for -the 16-candle gas, 
and a 6" X 2" chimney for tho 14-candle gas.’ 

It is evident that tho power of comparison thus obtained by 
the photometer may be opplied to tho comparison of larger or 
smaller burners, cither with tho standard candle or with each 
other, and it will thus he evident that the figures we may quote 
will not be in any way hypothoticaJ, but all founded the 
basis of actual experiment. Tlio popular way of describing Uio 
quality of gas is also thus explained: 14 or 16-oandle gas, as 
the case may be, indicating the amount of Kght given by tho 
gas when biu-nod from a standard burner and compared 'with 
standard candles. 

A curious and handy little experiment may bo tried with 
common fish-tail burners :-^Lot o small size Number 3 fish-tail 
I be fixed to 'the phokmioter in situ, and when oil is arranged let 
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the li^ht be suddenly blown out; when the bonier is sniBoiont^ 
cool, place upon the top of it, where, os it is oarofully turned, it 
will easily stand, another fish-toU burner of larger size, and then, 
turning on the gas, light the upper burner. Although the tube 
And pressure and every oircnmstanoe remain exactly the same, 
the photometer will indicate a most remarkable inorease in the 
quantity of light—double in some cases or more according to 
tile size of the upper burner. 

Having described in general terms the working of the photo¬ 
meter, we may here note various points to be attended to in 
order to seouro an aocurate rosnlt. 

Iho length of the chimney used with the burner is of great 
importance; by varying this even one or two inches 16-oandlo 
gas may give the eSoot of only 14, and vice versd. The weight 
and qn^ty of the candle mnst be most accurately ascertained. 
It is not uncommon to obtain varying results from different 
parts, even of the same candle, from slight variations of density 
only; even a perceptible per-centage of difference has been 
observed from a difference in the manufacture of the wicks— 
plaited, strongly twisted, or otherwise. The pressure of the gas 
also must be absolutely uniform, as an incrooso or diminution 
wUl produce on immediate variation of light. And lastly, the 
observation being oonducted by the human eye, the difference 
of the power of vision possessed by various experimenters has a 
marked effeot on the records. 

Alt these points have, however, been oarefully considered hy 
eoientifio men, and a pbotometrio apparatus has boon designed 
in which every possible prooantion has boon taken to ensure 
accuracy. In some instancos three or moro arms duly graduated 
have bMu affixed to a oentral light, which is provided with an 
automatia apparatus for weighing the candle both before and 
after the experiment, conducted by a timepiooe recording each 
aeooud occaratoly by a dead-beat arrangement, the various 
operators, one to each arm, thns having a mutual chock upon 
results obtained. 

"When we consider the magnitude of the interests involved, 
the tens of thousands, nay, hundreds of thonsonds of pounds 
expended per annum in gas, and that by Act of Parliament, 
where is force, the companies are hound to produce gas of a 
certain quality, it is evident that it is of the greatest import¬ 
ance to obtain an unquestionably Correct result. 

Ctes legislation is immensely voluminous : we con only allude, 
as the basis of most proceedings under this head, to the “ Sale 
«f Gu Act ** of 1659. But the operation of this act being 
only pormissivo, it has boon adopted by the City of London, 
one or two oonnMos, and a fow towns and districts, about fifty 
in number; the quality of gas elsewhcro being subject only to 
the conditions imposed on the private Acts under which tlio 
voompanies are constituted, and of these it may fairly be said 
iihat their name is Legion, and their stipulations infinitely 
various. Several amendments of this Act of 1859 have been 
before l^liament in snocessivo sessions, hut for all practical 
purposes it is still is force. Our limits, and the object of our 
paper, do not allow us to go into the question of its working 
maohineiy— i.c., constituted authorities, mothod of adoption, 
whioh, aa we have said, is permissive—appointment and duties 
of inspectors—all points exceedingly interesting to portios con¬ 
cerned. 

Going further, the question of the quality of gas, and the 
methods of testing it, the oporation of tho photomotor may be 
taken as meohanioal only; bnt it is possible, by means of ohomi- 
sol onalyBui, to arrive at to more aoonrate rosnlta : as, however, 
the experiments necessary reqniro sdentifio knowledge of a high 
class, and also exponaivo apparatus, we may content ourselves 
by iniffioating the impurities that may thus be disoovered, and 
some of the means employed. 

It is of paramount importance that no admixture of atmo- 
epherio air sbohld be allowod. Samples of tho gas to be tested 
are titerofore collected by moans of a mercury trough into small 
gas reoeiven called oudiomoters, and submitted to various 
ohemioal oombinotioiiB. For estimating the amount of carbonic 
aoid, OMUttio potash may bo employ^, and subsequently of 
oxygen with pyrogallie aoid, and by a sequenoe of dolioate 
oiierations the proportions -of light carborett^ hydrogen, oar- 
bonio oxide, hydrogen, and nitrogen oou be saocessively oaoer- 
tained; these operations, however, being striotly witiiiq the 
domsonof the labontary, end thg^h of great sdentifio im- 
portanco, inaocossible for general prootioal purposes. 


We will here give the results of some experiments oon- 
dnoted by gentlemen whose names are well known in conueotion 
with the subject as to the comparative illuminating power and 
cost of gas os burnt-through different descriptions of burners, 
and also as compared with other methods of lighting. 

1. Sebixs of Expsriuentb bv Db. Ftfe, coufabins 
Dxffbkent Bubnebs. 


BCBlTBa 

Gonstimptlim 
isr bour« 

lilght glren. 

lUanmatlDri 

VBrfootOT 

burat. 

Jot 5" liigh. . , 

1-0 

10 

1-0 

Small fish-tail 

1-98 

2-89 

1-45 

Large ditto . . 

8-60 

4-0 

1-53 

Small bat’s-wing . 

30 

4-40 

1-46 

Largo ditto . . 

4-60 

8-40 

1-87 

Argand of 40 holes. 

4-SO 

7-84 

• 1-74 


Those experiments wore all made with caxnel gas. 

2. Bxpxriments showino the Compaeative Cost of 
Diffebeht Liobtimo Matebiai.8, the same Amount 
OF Light being obtained in each case. 


B. d. 

Spcrmuceti candles.ti 8 

Paroffin ditto.3 10 

TttUow ditto.2 8 

Sperm oil.1 10 

Gas.0' 


There is a popular impression somotimes prevalent that gas 
is unwholosonio ; the following table details experiments in 
which flames of equal power, photometrioally ascertained, wero 
placed in an exhansted receiver constructed for tho purpose— 
tho timo at which the light hecamo extinguishod for wont of 
oxygen giving a comparative figure from wtiioh some idea may 
bo formod of their effect upon the atmosphere of an ordinary 
room:— 


Cannel gas, 28 candle power, hnniod for 152 minutes. 

Coal gas, 13 candle power 

.. 98 

»» 

Spermaceti candles . . . 

„ 83 

>» 

Wax candloB. 

.. 79 


Sperm oil. 

.. 76 

>9 

Tallow. 

75 


Colza oil. 

.. 71 



Cannel gas we have now alluded to almost for the first time. 
Tho quality of the coal from which it is made has tho peouliar 
property of produdng a gas of much greator illuminating power 
than ordinary oonuneroial coal gas. A glanoe at tho table last 
quoted will give some idea of its comparative purity; but at 
the same time it should ho stated that tho cost of its produotiou 
is greater in almost a similar proportion. It has boon soine- 
timos used mixed in certain proportions with common gas with 
good rosnlts. In eases where privato gas-works are erected it 
may bo highly recommended for some special purpose— e.g., for 
delicate mannfaatnres, whore the qtudiiy of tho light is of moro 
importance than its cost; Mso for sitnations where it is of im¬ 
portance that the products of oomhustion shall be ns free >08 
possiblo from deleterious olomonta. Hotaro galleries may be 
montionod as an instance. 

To bum it with advantage it reqniros spoeial adaptations of 
burners and pressure different from those in ordinary use, as if 
consumed under the same conditions as ordinary ooal gas a large 
proportion of its singularly powerful lighting qualities aro 
wasted. Our space will not allow us to go into detail upon 
these points, whioh, indeed, are scarcely indnded within the 
range of domestio engineering, as, except for a factory, a large 
mansion in the country, or somewhat similarly extensive to- * 
quirements, private gas-works aro rarely requii^. In a sub¬ 
sequent paper, however, on tho speoial subjeot of private 
gas-works, we shall probably give some idea of how its advan¬ 
ces oan be mode avmlable, and of the various modifications 
of detail required for its profitable consumption. 

At some future day we have no doubt that the progress of 
disoovery and experiment will provide us with a gas made from 
petroleum, whioh in oleanliness of burning and lighting power 
will to exceed any gas at present in the market. Ibis, how¬ 
ever, is only a speoolative notion. Aa a matter of business 
nothing of the kind has yrt been developed to the point of oom- 
meroial snooess, though'tne experiments made wi& this speoial 
end in view have been very nnmeroos. 
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OPTICAL INSTRUMENTS.—VIIL 

BV 8A.UITE1. HlOUIiirr, F.a.S,, ETC. 

8PKCTACLB LSNSES. 

Their Form. —The lenses employed for oorreotiner defective 
vision are of two typos—the converging, which bring parallel 
rays to a focal point, and tho diverging, whioh cause parallel 
rays to tnm ontwards from the axis of the lens. 

The converging include tho bi-eonvex, A (Fig. 15), the pUmo- 
convex, B, and the concavo-convex or positive meniscus, c (with 
shorter radius of the convex snrfaoe); the diverging, the bi¬ 
concave, D, tho plano-concave, k, and tho convex-concave or 
negative meniscus, v (with shorter radius of tho oonoavo sur¬ 
face), As the plano-convex and the plano-concave have, for 
equal degrees of power, tho grontost aberration, they ore least 
suited for spectacle glasses. To tho menisci Wollaston attri¬ 
buted tho advantage that the images suffer less when the 
observer looks obliquely (from the axis) through thorn, so that 
tho eyes can move with a g^roater angular range behind such 
glasBos, honoe they arc termed periscojnc (from mptCKoirfiv, 
“ to look around ”); but Brewster, while allowing their valne in 
a crowded city, in waniing us of the oblique approach of objects, 
asserts that menisci decidedly give more imperfect vision than 
tho ordinary form employed for spectacles, as they inerease 
both tho aberration of figure and oolour.* Under certain con¬ 
ditions tho periscopic form is liable to pro- 


/ gloss, on tho contrary, will break down into fine powdery pax- 
I tides. Again, on applying samples of glass and pebble to tho 
tongue, the latter will prove to be much colder thw tho other; 
the experienced will even detect this by the touch of the finger 
only. But these tests do not toll the optician sJl be wants to 
know, and the tourmaline xmlorisoope gives the desired infor¬ 
mation in tho simplest and readiest manner. This instrument 
consists of two thin slices of hair-brown tourmaline, cut parallel 
to the longer axis of tho crystal, fitted in corks, and mounted in 
rotating tubes that face each otiior, whioh are supported by two 
spring blades, attached to a handle, in such a manner that a 
lens, etc., can be placed and held between the two pieces of tour¬ 
maline, as shown in Fig. 16. On rotating one of the ozystsls 
two positions will be found, one in which the colour of the tour¬ 
maline is apiHtrent, with perfect transparency; the other when 
the crystals stand at right angles to this position, and tho field 
of view is perfectly obscured. If now wo introduce a lens of 
glass between the tourmalines (without disturbing their posi¬ 
tion), the field will still appear opaque, and any glass lens will 
give the same result,* and so indicate the characteristics of the 
material. If we now replace the gloss with a pro}terVy-made 
' rock-crystal lens the transporenoy of the field of view will be 
restored, but will be quite free from oolour (the tint of tho 
tourmalines allowed for); if, on testing other pebble lenses, pris¬ 
matic tints, rings, or bauds appear, wo loam that the material 
is rnck-crystal, but that it has not been cut 


ducc disturbance, by reflection on the ooncave 
surface turuod towards the eye of the wearer. 
It is, tborofoTC, on optical grounds, railter 
than from tho fact that periscopic lonses are 
somewhat more expensive, that preferonee is 
iisuolly given to bi-convex and bi-concavo 
spectacle glasses. With these wo can see 
satisfactorily in an oblique direction unless 
tho x>owor is very liigb; and when strong 
glasses are required the periscopic form en¬ 
tails tho disadvantage of a greater weight of 
glass; BO there is ample reason for not assent¬ 
ing to that nncoudltional proforenco for tho 
porisaopic lens which some surgeous and opti¬ 
cians profess. 

Material employed for Spectacle Glasses.— 
Bock-crystal and glass are tho materials em¬ 
ployed in the construction of spootoclo lenses. 
The former is nsually called by the trade 
pebble, or Brazilian pebble, being a natural 





with proper regard to tho optical and crys¬ 
tallographic properties of rock-crystal (which 
will bo hore^ter described under Apparatus 
for the Polarisation of Light). Brazil pebbles 
are imported in rough blocks, but are really 
more or less defaced or water-worn crystals 
of the purest quartz. These are cut on a slit- 
ting-whool, by tho aid of diamond powder, into 
slabs or pieces of the size required; but if 
cut in other directions than parallel to the 
longer axis of the rock-crystal, tints of oolour 
of greater or less intensity will appear in the 
leua; and if a slioe were cut at right angles to 
the axis of tho rock-crystal, a series of well- 
defined prismatioally-oolourod rings would ap¬ 
pear in tho lens, which would indicate its 
unfitness for a spectacle lens; for though 
tiiese oolonrs would not bo apparent to the 
wearer, it would possess refractive properties 
that would tease tho eyes, for pebble is a 


crystal, the samples best suited for optical Fig. 15. Fig. 16. doable refractive body, and if sliced in certain 


purposes being imported from the Brazils. 

As it is of equal density throughout its mass, very clear, ex¬ 
tremely hard, takes a very high polish, and is cooler than glass, 
it is usually selected for the best class of spectacles, for it is 
important that spectacle lenses should be colourless, of equal 
tnmsparenoy throughout, be free from strieo, blebs, etc., and 
have a high polish, which shall not be readily dotorioxatod by 
wgar. Next in v^ne as meeting these requirements is flint 
giM; but as crystal and flint glass possess a high dispersive 
power, crown glass, though softer and so much more liable to 
injury, is preferable for the oonetruotion of “ strong glasses,” 
espeoiaUy of ooncave glasses. Ibo cheapness of crown glass 
compensates for its deteriorating quality, for if spectoclo lenses 
of this material become scratched through constant wiping or 
being ISud oarolessly about, their low price makes it easy for 
those of limited moans to replace them. A glass dulled by fine 
soratobes over its surface should bo banished from its frame, os 
•it tends to strain tho sight of the wearer. 

It is very important tiiat the optician should be readily able 
to distinguish a pebble from a glass lens ; also whether a pebble 
is of go^ optio^ character, or has been improperly ont. Wo 
may distingpush between tiio two, first, by determining the 
hanlness, for rock-crystal, being considerably harder than glass, 
■•vO scratch it; or by drawing tho edge of tho sample under 
trial briskly over a file it wiU emit sparks and not yield, while 


directions, through igpsoranoc, carelessness, 
or indifference to conscientious workmanship, two objects in- 
stoad of one are seen. Such lenses, together with those tliat 
possess wavy appearances, bubbles, or other defects, are techni¬ 
cally called “wasters," and, unfortunately, are not unfreqnantly 
met with. No respectable optician would knowingly admit such 
refuse into his stook. 

The process of working single and achromatic lenses will be 
doscribod in a sei>arato article. 

As speotaclo lenses are of nnivorsal and daily requirement, 
they ore now, os a matter of necessity, nearly always produced in 
quantity by the aid of machinery; ilmugh, as a rule, preference 
is to be given to lenses carefully worked by hand, under the 
keen eye of a skilful workman, who brings brain and touch to 
detect all defects of form, centering, and t>olish. 

To determine the Focal Length of Lenses. —It is essential that 
the optician should have a toady method for determining the 
focal length of lenses, not only of samples in stook, but of those 
brought by customers in their spectaole-framcs, which they 
require to bo matched or replaced with others of higher power. 
Tho usual method followed in tho shops in regard to convex 
lenses is to throw tho image of tho window-frame formed by the 
lens on to a sheet of white paper placed against tho wall in a 
dark corner, and then (after moving the lens to and fro till 
perfect definition of tho window-bars is attained) to note with 
a rule tho distance in inches between the ))apcr and tho lens. 


* The diffexsDoe in definition between a periscopio end a convex 
lou (both being of equal focus and diameter) should bo noted by pro- 
Jeotiiig the image of a candle-flame on to a sheet of paper placed in a 
duk room, the two lenses being held edgfl to edge, llta image from 
the porlioopio kns will be surrounded by a dazzling halo. 


* XTnless it bo ptirposely unannualed—a thing not likely to be met 
within practice—in which case ooloiirod rings, etc., would appear, 
intersected by n black cross, ^ch glass would bo unfit for spectacle 
lenses. 


▼Oil. n. 
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Or fhs isrerted iinagQ of a candle (placed at soaio feet disteace 
frbm the mll) ia noted in the eame manner; or, better still, if 
it irere not ^t it is not always aradlable, the imago of the 
sun, or, as it is termed, the solar/ ocim, may be employed. Bnt 
it mnst be obBerved that these methods only give the Tohie 
approximately; and for the reason gdven in the foot-note at 
page 111,'V’ol. I., the object selected (whether window-frame, per¬ 
forated zinc, or candle) should always bo plaoed ai a fined or 
gUmdard distance from the lens under trial of at least 18 feet, 
BO os to deal with what ore praotioBlly paruUol rays. The image 
being then foonseed on a screen that moves away from the lens, 
the interroning distance or focal length is measured by a tape 
or wooden scale. In oommnnicationa between customer and 
optician as to a lens of a required focus, say to replace a broken' 
glass and pair with the remaining one, the method followed for 
determining the focus end the distance of the window or candle 
from the wall (or lens) should be ascertained to aroid error, 
for it will be found that the foous obtained by using a near and 
then a distant object will not giro identioal resnlts. As it is 
not always possible or convenient to obtain a range of from 18 
to 20 feet for the method of testing just described, a simple and 
better method ia to use as on object two lines ruled parallel on 
a sheet of paper, and then view this with the lens to be tested, 
held at about a foot distant from the eye, and so for from the 
paper that both linos can bo accurately seen. We now place 
the standard trial-glasses of known foens in snccession beside 
this, in the same plane, with the edges touching and the centres 
in a line, till we find the number that gives an imago of equal 
magnitude. When the two lines appear continuous through 
both lenses, the number on the trial-glass will indicate the 
focal length of the lens under oxaniiinatiou. On the other hand, 
Bhould the lines appear disjointed, thus, ~ ^ 

then the standard lens does not match the gloss under trial, 
and anotlier must be sought. By thus trying with what trial- 
glass a lens agrees in magnifying or diminishing power, wo can 
determine the focal length not only of convexes but also of con¬ 
caves. The most common method of ascertaining the focal 
length of concaves is to ploee them in contact with the surface 
of a convex lens that will best fit the ooncavity of ono face. 
When this is accurately done the power of both loiisos will bo 
neutralised, for we convert the conjoined lenses into whnt is 
equivalent to a menisons of eqnal onrvaturos; in which case, tho 
two surfaces being parallel, all lenticular properties are wanting 
(see Fig. 15): and on bolding them in contact between tho finger 
and thumb, and moving them to and fro at some distance before 
the eye, an object seen through tho pair will appear fixed, equal, 
and of the natural size, and the known focal length of the convex 
will give the valno of the concave. Should the convex, however, 
not bo of exactly the same focal value as tho concave lens under 
trial, then the objects observed will appear to liavc a tromnlous 
motion, dr larger or smaller than they really are, and the proper 
nentralising lens mast be sought. When we have no standard 
trial-glassoB of known focus at hand wherewith to determine 
the power of a ooncavo glass, wo may ascertain its focal length 
approximately by treating it as a concave mirror. Beflect the 
image of a bright Same on to a sheet of white paper, and when 
well defined, measure the distance between the oentro of the 
ooncavo lens and the screen, and so obtain a direct reading. 
The focal lengths of convex and ooncavo lenses may also be 
aoonrately and conveniently asoortoinod by DoUond’s focimeter, 
for by tins iustrument wo ensure a trial under conditiow that 
are invariably flic same. 

Bdllond’s focimeter, as improved by Phelps, consists of a 
email telescope, speoially odjnsted for the purposo required, 
mounted on a long square bar of wood 6 feet in length; this 
is graduated up to 48 inches down the centre ©f the bar, the 
zero point of tho scale corresponding with the piano ef the 
object-glass. On ono side a oomparative scale corresponding 
to the French standard is engraved, on tho other the Russian 
scale; so that wo can at once determine any discrepancies as 
to lenses that have come from foreign sources, and been marked 
Booordingly in French or Prussian inches, or for use in supply¬ 
ing glasses ordered by surgeons who employ foreign trial-oases. 
Over the bar traverses a stage that carries the object to bo 
foouBsed. The lens under trial, if a convex, is held immediately 
in front of the object-gloss of tho telescope with one* hand, 
whQo the test-objeot is moved to^and fro With '&e other till it 
is distinctly defined. The residing is then observed throngha 


•lot in-tbe traversing stage that oorteiponds to the plane of the 
test-object. 

When conoave glaeses are to be triad, a brass cap fitted with 
a eorreoting lens suited for fooal lengths of from 1 to B inches 
is fitted in front of the object-glass. The oontmve is thmi tested 
in the same manner as previously desoribed. Should it prove 
above 8 inches in focus, the eorreoting cap is replaced with 
another suited for a range of from 9 to 14 inches, whidt oom- 
prises the usual range employed in England. 

At page 307, Yol. I., of Thk Tbchkical Edvcatob I have 
enumerated the glosses supplied in the German trial-oaseB, and 
also the aeries nsnaliy famished in the set of English “ convex 
triors,” viz., 6, 7, 8, 9, 10, 12, 14, 10, 18, 20, 24, 3ev 36, 48, 
which numbers express the fooal lengths of the oonvox lensee 
inserted'in the frames. The sot of English “ conoave triers 
usually includes a series numbered from 1 to 14. Sndh numbers 
should indicate negative focal lengths corresponding to the 
positive focal lengths of the convex series, for it is the only 
standard that is scientifically cerrect and admitting of universal 
applioation, for the reason that while all double-convex lenses 
are worked in a concave tool, the curve of which has a radius 
equivalent to the focal length of tho double-eonven lens it pro¬ 
duces, nil concave lenses are worked on a convex tool, tho curve 
of which also has a radius equivalent to the focal Icngtii of tho 
double-eoncaoc it produces. Thus, a concave tool of 7 inches 
radius would bo used to work tho two surfaces of a double- 
convex lens of 7 inches focus, and a convex tool of 7 inches radius 
to work tho two surfaces of a douhlo-eoncavc lens of 7 inches 
focus. By following this method of making tho numbers iu 
tho triuJ-cases, and on tho lenses supplied, represent tho focal 
lengths of coiioavo as well os convex lenses, wo have a ready 
means of determining tho focus of concaves as previously de¬ 
scribed, wherein tho concave curves neutralise tho convex 
curves, and reduce tho combination of two lenses of the same 
foci to the optical value of a piece of glass with jmrollrl faces, 
though tho surfaces are curved, as shown in Fig. 16 n, and still 
more strikingly shown in Fig. IS e, wluch represents a plano¬ 
convex and a plano-concave, each of 14 inches focal length, 
made from tho same tools of 7 inches radii, wherein tlie perfect 
parallelism produced by tho combination of tho two lenses i.-' 
palpable. Unfortunately, this simple system, the common-sense- 
and scientific value of which is self-evident, has not always 
been foUownd j and the “ shop element,” in the interest of 
quack oculists, has led to the introduction of arbitrary numbers 
and scales, that could only have been adopted to “fog” those 
who wore not in “ the favoured circle.” Thus, according toi 
one arbitrary system (as a sample of many others), a concave 
numbered 1 corresponded to a 24-inoh convex; No. 2 conoave 
to a 21-inch convex; No. 3 ooncavo to an 18-inoh convex, and 
so on; instead of 24 concave = 24 convex, 22 concave = 22 
convex, 18 concave = 18 convex, and so on. So that if a 
patient went to any other optican but that recommended by the- 
ocnlist ho would not obtain the glasses absolutely required. 
Again, I have before me an arbitrary scale of Gorman invention 
that does not correspond to the rtandard of any nation.* It 
runs in tho following fashion:— 

Up to No. 7 it corresponds exactly inch for inch vrith the- 
English scale; then—for convex numbers— 


8 nearly oorresponds with onz ^ inches. 


9 

99 

91 

9» 

9i 

10 

99 

99 

9* 

10} 

12 

ft 

99 

99 

13 

11 

19 

99 

99 

13i 

16 

99 

99 

99 

17 

18 

99 

99 

99 

19 

20 

99 

99 

99 

22 

22 

99 

99 

99 

25 

2i 

99 

19 

99 

28 

30 

99 

99 

99 

35 

36 

99 

19 

99 

44j 

this scale is the zero point for 


and going npwards- 


No. 

$9 

t* 

9* 

9f 

t* 


: 24 of the German scale. 

= ao „ 


8 = 16 
4 = U 
5A12 
6 = 10 
7= 9 
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THo. 8 => 6 M the Oonuui Mile. 

9 “ 7 II i» II 

10 “I 6 II II II 

11 = 5 II II II 

18 ” ^ II II II 

13 =* 4 •• It II 

I nood hardly eay that no reeipectable optician shonld coun¬ 
tenance any such arbitrary or irregular scales, palpably derisod 
for the purpose of “fogging” the uninitiated; and any “medical 
oculist ” 'who adopted such a scale could not feel aggrieved if his 
claim to a scientifio XKisition wore disputed, and he -wore branded 
with the 'title of “Quack,” for no true disciple of Science would 
ever give countenance to mystery. ^ 

I must here give a caution as to the discrepancies which' 
may arise from the use of trial-cases furnished from different 
countries, any errors arising from which source I hope 'to correct 
by placing before the readers of Thb Technioai, Educatob, in 
a fntnre number, a comparative series of measures of all nations, 
which would possess great value for many scientific and artistic 
purposes. The optician should therefore always be particular 
to ascertain, when spectacles are ordered for a patient by an 
ophthalmic surgeon, whether he adopts an Bnglish, French, or 
German series of trial-glasses. Through this multipKcity of 
standards great confusion and annoyance has been caused both 
to opticians, patients, and surgeons. Undoubtedly, it would 
bo an advantage for all scientific imrposcs if the French scale 
founded on the metro adopted by tte Faria Hoard of Longitude 
were followed, os being the only standard established on a 
scientific basis, our own and all o-thcr measures of length, etc., 
being arbitrary. 

SrSCTACLB - FBAMBS. 

The Frames .—Formerly the spectacle lenses were sup¬ 
ported in heavy frames of -tortoiseshell, silver, or gold, but 
cho two first are now seldom employed, tempered steel or golil 
having supersudod such anti<|uitios, shell-work being only used 
for eye-glasses and spring-folders. As there ore many qualities 
of material used in the manufacture of blue steel spectaoln- 
frames, varying from more soft iroji, or iron fronts with steel 
sides, -to the very best quality wrought out of steel plate, par¬ 
ticular attention should bo given to the lightness and temper of 
tho work, for it is well to roraember that a pound of pig-iron, 
which costs but a penny, can bo wrought into -watch-springs of 
tho value of j 8240 ! Some so-called steel frames will bo found 
to bend like a piece of bottlo-wire, but the genuine ariiclo will 
always keep its shape. Froviiioial-nuule frames are produced in 
quantity, and seldom possess that finished workmanship which 
characterises the best London-made spectacle-frames. The 
price of a frame, then, depends upon the quality of its material 
and the finish of its workmanship. Tn a woll-mndo frame the 
side-pieces should turn out from tho hinge as firm and straight 
os the blade of a woU-mode penknife would do from its handle, 
for any amount of play in the joint should only exist after long 
wear and toar ; and there shonld be no perception of anything 
like a grating, rasping action when the side-piece is being 
worked backwards and forwards in its joint. Should tho side 
be lengthened by a second piooo, working on a “tiim-piti,” tho 
two shonld fold neatly and closely together, and the turn-pin 
should hold them at any position in which they should be placed 
in relation to each other. When tho side-pieces are turned 
do-wn they shonld protect, not scratch against tho glassos, 
which, when packed away, shonld be guarded on their exposed 
side by the concave form of the spectacle-case, ospooially for 
conTCxOB, which are more palpably exposed to injury by scratch- 
*ing than the indented surfaces of concaves. 

It is a mere matter of fancy or fashion whether steel frames 
are blue or “ straw colour,” either tint being produced nt will 
in tho process of tempering. Tho same may bo said with regard 
to the shape of the lens-rims. Old-fashioned spectacles were 
made -with “ round eyes,” but as wo soouro a sufliciont range 
of observation -with the modem oval-sbapod glasses, without 
teasing the eye with the excess of light the antiquated round 
eyes admitted, the latter are now seldom employed but for excep¬ 
tional purposes, for they ore not only clumsier in appearance, 
but also entail a greater and unnecessary weight. • 

Next to tho proper aeloction of ths^Iasses it is a matter of 
ilte greatest importance that -the frames should accurately fit 
^e face of the wearer. And here I may observe that the ma¬ 
jority of people fail to notice the importwoe of having such an 


important organ as the eye ooonrately measured and fitted; yet 
persons who would never dream of purohoaing a pair of ready¬ 
made boots, or of putting on a suit of slop-shop clothes, do nut 
hesitate about taking tho first pair of spectacles that are given 
to -them from tho stores of jewellers, toy-merchants, and other 
dealers who dabble in optical goods; who, they mnst know, 
if -they gave a moment’s thought to the matter, have no pre¬ 
tensions to optical knowledge. Every optician mnst have mot 
with a middle-aged housekeeper who has adopted a pair of her 
aged master’s c^ist-off spectacles, or a needy clerk who has 
secured, os bo thinks, “ a great bargain ” at a pawnbroker’s, and 
both of those types wonder why their eyes are fatigued and the 
sight dotonorated since they began to wear such glassoa 

The main points of construction are that one glass should 
not stand higher than the other ; that tlie ceniro of each gloss 
shonld coincide with the centre of each pupil (or otherwise they 
will act as prisma, and tend to create a squint), or but slightly 
less apart tlian the pupils for nenr-sighted spectacles ; that tho 
bridge or noso-piece should bo fiattened or arched out according 
to tho shape of the wearer’s nose and face, so as to allow of 
distinct vision for distant objects over the top edge of tho 
frame, and for concaves being placed nearer to the eye than is 
nucoasary or advisable for eonvexes; that the sides should 
neither jiresa the head too tightly or loo lightly, but just secure 
a comfortabln grasp; and -that “ the front ” is not so short for 
tlio wearer’s face that ho looks upon tho outer, or so long that 
ho looks upon tho inner edge of the glass or metal rim. 

If wo apply those rules to the evor-varyhig proiiortiona of tho 
human fiico, it may bo gleaned that when an accurately-con¬ 
structed pair <4f spectacles is desired, and a few days can bo 
allowed to the optician, it is bettor to make them specially for 
each patient rather tiian take a frame from stock that nearest 
meets tho desired requirements. 

Tho mean distance between tho centres of the pupils of the 
eyes is on an average about 2 A inches. 'I’he exact distance for 
each person may be mea-sured by means of the points of a pair 
of compasses, guarded with two small block lieads, adjusted till 
the points correspond to tho centres of the pupils, while the 
person looks at a distant object to prevent squinting, which 
would give a deceptive gauge. The compass-points should bo 
prcs.sed on jiaper on whicdi the patient’s noiiio, with all other 
debiils for eonstructing tho frames, should be filled in. 

Tlio length of the bridge varies from 1 inch -to 1^ inches. 
Tho longer diameter of an oval rim should be about inches, 
tlio shorter diameter aboutinch. The joint or knuckle varies 
from to (I, inch. 

1 may here remark that the knack which some persons have 
of placing the bridge on the very tip of tho nose should bo dis¬ 
continued, as injurious and absurd. On the other hand, pressing 
the glasses loo close to tho eyes may irritate and iufl^o tlio 
eyelids, or at least tho glasses will bo dimmed by moisture from 
frequent contact with tho eyelashes. Tho front should be per¬ 
fectly rigid, for if it yields tho glasses lose their paraUolism 
with tho oyoB, when vision will become disturbed and tho sight 
distressed. Kio first joint or sido-piceo should bo 44 inches 
long, and so curved that only the last half-inch touches tho 
head. Tho second joint or piece beyond the tum-pin should 
bo fij inclies long. Whether one or two joints are employed, 
tho ends should terminate in a loop, which is filled up with 
sealing-wax. 

The glasses as sent out from the grinding tool are round, and 
they are olippod into an oval form of the exact size of the 
opening in the frames by moans of a i>air of flat-bhuled nippers, 
which crunch off tho superfluous glass bit by bit; and tho 
edges are ground even, and smooth, and angular in a small 
grindstone, supported in a water-trough, 'ilie small scrow.s 
in the knuckles are removed to facilitate tho insertion of tlio 
lenses so edged. Tho proper oontreing of the glasses in their 
frames is effected during tho process of shaping with tho 
nipping tool. 


rRACTICAL PERSPECTIV.E.—XI. 

Figs. S2, 53 , 54, 65.—Hie subject of this lesson has alro^y, in 
Fig. 128, occupied the attention of tho studoitt; but in tho 
former ease the table was pliloed so that one of its sides was on 
the picture-line, tho length being parallel to the picture-piano: 
whilst in the present study tho sides recede at certain angles. 
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Fig. 52 ia the plan of the table plaoed at the required angloa quirod that the nearest angle shall be situated, draw lines to the 
in relation to a struigbt line. Fig. 53 is the aide elevation— vaniahing-pointa. 

that ia, the exoet gcometriRol figure which would stand on the From a sot off A n and A c' equal to the aides of the table, 
line A c of the plan; the points which would correspond are taken from the plan (Fig. 52). 

similarly lettered. Fig. 54 is the end elevation, or that whieh From n and c' dmw lines to the measuring-points, cutting 
would stand on the lino a b. a tbI and A vp2 in b and c. 



We now proceed to work out the projection from those given 
data (Pig. 55). 

Having drawn the picture-line, the horisontal line, and line of 
direotion, find the vaniahing-points—^that is, construct at the 
station-point 8, angles Ben and c s f, similar to the angles 
BAH and o A F in the plan. Produce these lines until they meet 
the homontal line in TPl and gpfi, and from these pol^s, as 
shown in former lessons, find the measuring-points. v 

How from a on the picture-lino, the point at which it is re- 


From h and e draw lines to the opposite vanishing-points, 
cutting each other in b, and this will complete the boundary of 
tho plan. 

On each aide of a aot off the thickneas of the legs, measured 
fiom tho plan or either of the elevations, and on tho inner 
side of B and of o' Bet|oS the same width; and from each of 
I these points, as before, draw lines—^first- to the measurings 
points, and then to the vanishing-points; ondthese will com* 
I plete ^e plan. 
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The height b hurving been marked on the perpendioalar A, the 
rest of the figure will bo worked oa shown in several previous 
lessons. Exkboibb 43. 

Put into perspeoUve the table shown in the Isst stady, when it is 
placed at a given distance—say 10 feet within the picture, tlie height 
of the spectator in Fig. 5S being taken os 5 feet. 

Fig. 5C.—This study is a further development of the provious 


It will now bo observed that whilst in the last study (Fig. 55) 
the front leg stood on the square corresponding with Abac 
in the present figure, it is not so in this instance, for the logs 
stand book, althongh the angle of the top of the table wonld in 
reality touch the picture-plane. The log, therefore, stauds'on the 
figure aefd, and the other three legs stand upon the corre¬ 
sponding lozenge-formed figures in the angles 'of the inner 
figure. 



one, and shows a table the top of which projects beyond the 
plane of the legs and framing. Having drawn the preliminary 
linos—^the plan and elevations of the object according to tho 
cystom shown in the lost study—and having fonnd tho vanish¬ 
ing-points and measuring-points aocording to tho angles at 


Having completed the plan, draw a perpendicular at A, and 
on tliis mark the points T and « for tho full height and the 
thickness of tho top of tho table; from both of those points 
draw lines to the vanishing-points (not shown in this fignre). 

From u and i, the two distant angles of tho plan, draw per^ 



which the sides of the object are supposed to reoodo, projeot 
the boundary of the plan. This done, set off from A, and also 
within the points on the picture-line frenn which tho lines were 
drawn to the measuring-points, tho widths, first of the projec¬ 
tion of the top of the table beyond the pluo of the legs, viz., 
8 and 0, and seoom^, the thiokness of the legs, viz., d and a. 

Kom all of these points draw lines, first to the moasnring- 
poiots, and then to the vanishing-points^ Tho prooess is, in foot, 
a repetitisn of the last figure, excepting that tliere is a double 
Mt ot ^es employed. 


pondioulars, cutting tho lines drawn from r and a to the vanida- 
ing-points in .t k and l m; these will give the distant angles of 
the top of tho table, for it will be clear that those will be exactly 
over tho angles of Ihe plan H and i, as f and a ore immediately 
over tho nearest angle A. 

From j and n draw lines to tho opposite vaiiishing-pointe, 
whioh, cutting each other in N, will complete the top of tho 
tabic.. 

Now draw tho porpendienlMS e, a, and d for tho nearest log, 
and tho two outer perpendionlars of the legs at k and i, leaving 
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the thiid pwp«ndioiil** of each of these, aad also the whole of 
the distant fourth legr for the present. 

It is now tjma that the framing under the plate of the table 
ehonld be &awn. This Is not on the same plme as the edge of j 
the table, but forms in most oases a portion of the plane of tho 
legs, whilst in others it is mortised so as to loaVe the legs a 
little more forward than tho surface of the framing. For the 
sake of simplicity, the former case is assumed. It becomes 
necessary, therefore, in the first place to mark its true height in 
tho foreground, and then carry it back. 

On the porpendionlor a mark the real height of the bottom 
lino of tho framing—viz., o; and from h oreot a porpoiidioulat. 

Now from O draw a line to the vanishing-point, cutting the 
perpendicular h in p. 

On ozamining tho plan, it will bo soon tiiat h is on the same 
plane os tho point a, and therefore the perpendiculars b and a 
are on tho same plane j hence a lino drawn from F to tho same 
point to which tho lino from b is vanishing must pass throngh 
tho porpondicular on a in tho point Q, and this is then the per- 
spoctivo height of the framing. 

From Q draw linos to tho vanishing-points, and then tho third 
perpendiculars of the legs, and the distant lug, may bo drawn, 
thus completing tho object. 

Exxbcisb 44. 

The height of the table in Fig. SO being taken at 2 feet G incbos, 
put the same object into perspective when standing at the same angle 
as in the last study, but at 6 feet within the picture. 

Fxebcisi: 45. 

Put into perspective the structure represented ia Fig 43, when its 
sidoe recede from the picture at 40° and SU", when its nearest angle 
is at 3 feet on tlio loft of the spectator, lU feet within the picture, 
the height of the spectator in Fig. 43 licing taken at C feet. 

The subject of tho next study is a prism formed of throe 
equal sides. 

In ^Fig. 57 the object is placed so that tho end is parallel 
to the plane of tho piotnre, and in this view it will bo easily 
tknderstood that the end elevatiun will form an equilateral 
triangle. 

Having, then, drawn tho horizontal lino at the required height 
above the piotnro-linc, and having fixed tho centre of the picture 
and tlio points of distance, draw tho equilateral triangle A v o' 
at the given distance on tlie right (or loft, as the case may be) 
of the spectator. 

From A and b draw lines to tho centre of tho picture, for it 
will be clear that, as the equilateral triangle is the section of 
the prism taken at right angles to its odgos, when tho triangular 
end is parallel to the piano of tlie piotnre, the edges of the prism 
will bo at right angles to it, and will therefore converge to the 
centre of the picture. 

Now from a sot off on the pictnro-iine a d, representing the 
true length of the prism, and from D draw a lino to the point 
of distance, cutting a c in u'. 

From D' draw a horizontal line, i>' x, and it will be clear that 
this line, o' e, is tho perspective rendering of tho length A B 
when at a distanco within tho pioturo equal to ao (soc Fig. 11, 
Vol. I., p. 333) j and it will also be obvious that as tho distant 
end of tho prism is in this case saijposod to bo parallel to tho 
near one, it will, although diminished by distance, be an equi¬ 
lateral triangle, the base of which will be the lino u' e ; and 
therefore, in the present caso, it would be sufficient to construct 
this equilateral triangle, and draw a line uniting the apex of Uie 
first triangle to that of the second one. 

But this process would not, for the purpose of instruction, bo 
a satisfactory one, as it would only bo apphoable when tho prism 
is absolutely an equilateral one. The following method is 
therefore given because it can be used whether the soction bo 
an equilateral, isoscolos, or scalene triangle. 

From o', the apex of the original triangle, drop the perpon- 
dionlar o' f. 

From F draw a line to the centre of the pieturo, outting d' b 
in o, and at a erect a perpendicular. 

Now from c' draw a lino to tho centre of the picture, outting 
the perpondioular (t in it, Tlion it will be door that o h is 
the porspoctire lieight of the i>erpcndicular f when at tlie 
given distance within tho picture (as shown in Fig. 8, Yol. 1., 
page 338), , 

Tho point h is then tho apex oi the diataat triangle, theiefjiTe 


' draw D'B and z H, which will complete the projection of the 
pviam, and it will be seen that o' F o B ia a rertioal aeotien 
throngh the upper edge of the prism, dividing the whole object 
into two priams, tho ends of each of which axe the right-angled 
triangles a f o', d' G H and B F o', z O H. 


CHEMISTRY APPLIED TO THE ARTS.—XL 

BT OBOBGE GbADSTONZ, F.C.B. 

SULPHUEIC ACID. 

SuBPHTjRic ACID, or as it is commonly colled “oil of vitriol," 
ia used in tho arts for such a variety of purposes, that its 
maunfacturo is a large and constantly increasing one. 

Some of its uses have been incidentally mentioned in previoua 
articles of this aeries. It will be found mentioned in those on 
bleaching, dyeing, calico printing, and soda making ■, but besides 
these Uses, it enters into the composition of green and blue 
vitriol (tho sulphates of iron and copper), and alum ; is nsed in 
medicine in the form of Epsom and Glauber’s salts and mineral 
waters ; and is employed in tho manufacture of ether, nitric, 
hydrochloric and acetic acids, and in the preparation of super¬ 
phosphate of lime for manure. 

'This acid used to be mode principally from rook or native 
sulphur, which occurs in many volcamo districts, but principally 
in that of Sicily. It had all to he imported from abroad, 
and at time.s it was found difficult to obtain an adequate supply 
at a sufficiently reasonable price. 'This compelled the makers 
to look for other sources of supply, and now they are almost 
independoni of Sicily, copper and iron xjyrites being used instead 
to n very groat extent. 

Sulphuric acid (HuSO*) centains one atom of sulphur to two 
of hydrogen and four of oxygen; but if wo bum snlpbur or 
roast pyrites, the gas given off will be sulphurous -oxide (SO^), 
which does not contain sufficient oxygen. An ingredient has 
therefore to be found which will readily give np to tho sulphur 
some of its oxygon. Nitrate of potash or soda is found most 
suitable, as either is a very cheap article, and furnishes one 
more atom of oxygen. Water (HjO) completes tho formolo. 
The ingredients nsed in tiio manufacture are therefore few and 
simple, and hence the low price at which this most useful acid 
can be produced. 

Tlie process by which the ingredients are brought into com¬ 
bination will need, however, a detailed description. The sulphur 
ia burnt, or the pyrites roasted, in a furnace without any ad¬ 
mixture of fuel, bocanso sulphur wiU catch fire and burn of 
itself at a temperature of 302° Fahrenheit; and pyrites also 
will decompose with evolution of heat, so as to carry on the 
operation continuously when once started. When sulphur ia 
used, it is spread upon on iron plate, which lias boon already 
heated from below, whereupon it immediately takes fire and 
bums slowly away, the air admitted being only just what is 
required to maiuWn combustion. When pyrites, or sulphide 
of iron (Fc^S,), is to bo employed, a furnace of more regular 
construction lias to bo used, as the maintenance of the heat 
requires more management, and there is a large bulk to deal 
with, only one atom of the suliihur being driven off, the other 
remaining in combination with the iron. The fumaoe having 
been first heated sufficiently by burning some cuke in it, tho 
charge of pyrites is inserted through a door in the upper part, 
and ia kept constantly supplied, the roasted ore being from time 
to time withdrawn through a door at the bottom. 

The sulphuTOUB oxide given off in either ease passes upwards 
through a large fine into the first ohambor. In this flue are % 
placed some saucers containing the nitrate of. potash or Bod%, 
mixed with sulphur, or sometimes nitric acid alone, whiifii in 
the preaonoe of the hot fumes of sulphurous oxide is decom¬ 
posed, giving off nitric oxide (NO), which passes up the fine 
along with the sulphurous oxide into the ohambor. The ohom- 
beiv) into which ibe vapours pass vary in number and size in 
different factories, but they are neoessarily very large, as all 
the uigredients of the acid ore brought together in the condition 
of gas or vapour. Thus in one establishment where tons 
weight of acid are produced doily, five ohambers ore used, 
having an a^regate capaci^ of 178,000 cubic feet. These 
chambers are indeed one of the principal sources of expense to 
the manufacturer, for i^phnrio acid is of so corrosive a cha¬ 
racter, that it is difficult to find any material that in a^plifii^ 
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vldoii will effeatmlly wiOmtaiad ite aotion. TbB only «ne be Btopped, m tbe lead vsnid sniTer if carried lartlier, and some 
anitaUe for tlua purpose is lead ; and it la no easy matter to of the acid would be lost, sulphate of lead beih? formed, 
build • room 80 or feet long of sheet load, which shall be In the subsequent process, vesaelB of glass or platinum must 
tboraa^y air-tight. A skeleton room has first to be constructed be used. 33ie danger attendant on the use of the former 
of open woodwork, and then lined thronghout with heavy sheet almost compels the manufacturer to go to the expense of 
load. No solder can be used in joining the sheets together, as platinum retorts. One of these large enough to contain 20 owt. 
that would be soon eaten away by the acid, but they have to of add will cost abont A2,500, all the joints of the platinum 
be made to overlap one another, and the space between them being soldered with gold, the only motal available which will 
carefully filled in with white lead point. Notwithstanding the withstand the action of hot concentrated enlphurio acid, 
greatest care, these chambers are very apt to get out of order, The 65 per cent, acid is drawn from the lead pan into the 
and they ere therefore so arranged that all parts of the roof, platinum retort by a glass syphon, and hero it is gently 
walls, and fioor can be got at from the ontside for repairs. boiled. The excess of water separates, and is drawn off by a' 

The sulphurous and nitrio oxides pass, as has been already tube, leaving the acid of the full strength required, 93 per cent, 
said, up the fine into the first chamber. They will enter this The acid has now only to be transferred from the retort to 
near the roof; the leaden pipe connecting the first with the the glass carboys, in which it is kept for sale ; but os it is very 
second chamber will be near the floor, and so on alternately hot, and would infallibly crook the glass if not first cooled, it is 
throughout the series, so as to facilitate the intimate mixture of drawn off by a long syphon mode of platinum, which is encased 
the gases with each other and the atmospheric air. In some in a hollow tube through which a stream of cold water is mode 
factories, ineteod of having separate chambers, they have one to pass constantly, so that on its passage from the retort it is 
long gallery partially divided by partitions made of sheet load, sufficiently chilled to admit of its being poured witt safety 
the one partition extending from the floor upwards to near the into the carboys. It cannot be left in the platinum retort tiU 
oeQing, and the next from the oeiling downwards : this arrange- cool, because that wonld involve the extinguishing and re-lighting 
ment answers the same pnrpose of mixing together the gases in of the fire, and a very groat waste of time, so that a greatly 
their passage through the gatleiy. increased nnmbcr of these expensive retorts wonld be required 

The nitric oxide will not, however, remain unchanged in the in a large factory. The object of the manufacturer is, of course, 
prosenoo of atmospheric air, hut robs the latter of some of its to get the largest possible amount of work ont of them, by 
oxygen, and changes itself into the peroxide NO*. keeping them incessantly going. 

The water whioh is required is supplied in the fonn of steam. Sulphuric acid is used for such a variety of purposes, that it 
To a small boiler are connected a series of pipes, which are has become a very important article of commerce, and in this 
carried round the outside of the several chambers, and terminate country more than 100,000 tons per annum ore now made, the 
in leaden pipes, which pass through the floors and walls some greater part of which is consumed at home, though it is shipped 
distance into the chambersfrom these jets of steam are from to almost all ports of the world. Every 100 lb. of sulphur (or 
time to time thrown in, which also contribute to the mechanical its equivalent in pyrites), with 3 Ib. of nitrate of sodium, w^ 
admixture of the gases, the position of the jets being so arranged : yield about 310 lb. weight of acid ; the gain in weight being 
as to produce as groat a stir as iiossiblu. duo to the oxygen and hydrogen, which arc abstracted from the 

But the peroxide of nitrogen oannot remain nnohanged in the ! air and water within the chambers, 150 lb. of oxygen and 56 Ib. 
iprosonoe of sulphurous oxide and watery vapour, and it loses | of hydrogen being neocssary to complete the oombination. So 
again the atom of oxygen it has already stolen from the air, i large an amount of air is required for the supply of this oxyge<|| 
which now passes in turn to the sulphurous oxide, raising that I that were it not for a continnons inflow through the pipe which 
to SO,. The sulphuric anhydride thus formed has again such I also supplies the sulphurous oxide, the reduction of the oxygen 
an affinity for water, that it will take it up whenever present, | from the gaseous state, and the condensation also of the watery 
and thns becomes converted into sulpharic acid (H^SO,), a vapour, would cause the leaden chambers to eoUapao—an acci- 
thick oily liquid. dent not unlikely to happen upon the old system, now super- 

This interchange of particles is constantly going on within seded. of burning the sulphur within a closed ohamher. In the 
those leaden chambers, and the resulting acid falls down like commoroial acid there is a slight excess of water, rather more 
heavy drops of rain upon the floor. As sulphuric acid will con- tlian oomutorbalancing the loss of sulphur during tho process, 
tinne to absorb watCT in addition to the definito quantity ro- whioh averages about 6 per cent. 

qnired to complete the above formula, the amount of steam There is, however, another process of making this acid, which 
injected into the chambers shonld boar a oertain proportion tr> produces a purer article than the commercial acid, and is dis- 
tho quantity of snlphnrous oxide which has boon evolved from I tinguished as the Nordhausen, or fuming oil. Sulphate of 
the sulphur or pyrites. Ibis is a matter of simple calcnlation. I iron, or green vitriol, when heated to redness, gives off its 
■ Sufficient water vapour should be supplied to reduce tho acid ! acid without further decomposition; and advantage is taken 
to abont a 54 per cent, solution: if it were to bo made much of this circumstance by tho makers. Tho crystals of green 
stronger, there wonld bo a waste of salphnrous tixide, and if vitriol contain a large quantity of water in combination, all but 
much weaker, there would bo a waste of nitric oxide, one equivalent of which is readily driven off by calcination iu 

When a quantity of acid of about this strength has acen- an oven. Tho calcined article is then put into earthenware 
mnlatod on the flesjr of tho chambers, it is drawn off, and retorts, whioh are built into a furnace, tho neck only protruding, 
has then to bo distilled over, in order to raise it to the proper and immediately that cloudy fumes begin to issue, a receiver 
strength of tho regular commercial acid, which should bo 93 containing a little pure water is attached closely to the neck of 
per cent. For this purpose it first passes into the concen- ' tho retort. The fnmes of snlphurio acid are absorbed by tho 
trating pans, which are also mode of sheet lead; there is | water, and the process goes on until all the acid has been given 
general)^ a series of them communicating one with another, and ' off: the receiver is then removed, the retort re-charged with tho 
-each one slightly lower than tho preceding, so that during tho calcined vitriol, and us soon as the thick fnmes reappear, tho 
t concentration the acid passes through the whole series. The receiver is again attached. At each repetition of tho proooss, 
jans have a movable covering made of sheet lead, and they the water in the receiver absorbs more and more of the acid, 
rest upon platw of iron. Near the lowest pan is a famaoe, until it has attained its maximum strength. It is then trans- 
the fiue from whioh passes under the whole series, so that the ferred to stone-ware jars, the stoppers of whioh are cemented 
fiazoe from the furnace boats upon the iron plates on which tho down, in order to prevent its escaping into tho air. It is a thick 
concentrating pans rest. Somerimes the arrangement is altered, oily liquid of 1‘9 speoiflo gravity; and contains some excess of 
by whioh a great saving in the wear and tear ^ tho lead pans is SO, nnoombined with water, which, being very volatile, oausos 
effected. It oonsiats in bedding them upon solid briokwork, it to fume, forming with the moisture of the air a perceptible 
and carrying tho fine from the fumooe over instead of under, so cloud. The furnaces are generally so arranged, that one sonroe 
that the surface of the acid itself forms tho lower side of the of heat will servo for the calcining ovens, and sometimes as 
flue, and tlie nitric and sulphurous fumes are carried away many ns sixty retorts; but the process oannot conveniently 
through the flue with the hot air. Hero any nitric and snl- be carried on upon the great scale adopted in maldng the oom- 
phuTons oxide whioh has escaped decomposition is driven off. morcigl acid, and the cost of the manufacture is very mn^ 
together with about 11 per cent, of wfter. As soon as toe acid greater. The strength and nurity of the fuming oil^eudor it 
has toss attaiaed a 65 per oent. etrength, the operation must indiapeniable, however, specie purposes. 
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TECHNICAL DRAWING.—XXXVI. 

FimCHINa AKD BHXARINO MACRIMB. 

Wb BOW give, in Fig. 352, a rido eleration of ono of the 
powerful maohinoB which are employed for cutting or punch¬ 
ing holen in plates of iron for making boilers, g:irdors, etc. 
One Bide of the machine, a, has shears, and the other, B, 
a punch, so that two sots of men may work at it if noces- 
saxy. Motion is given to the upper ^ft, c, by a strap to 


a plate of iron is inserted. Motion from the first shaft is 
transmitted through a second, b, to the large centre wheel, and 
at each end of the shaft which carries it there is a crank or 
occentria, which giyes motion to the sliding-blocks that cany 
the punch and shears. The punch may bo put in or out of gear 
without stopping the fly-wheels; and the balance weight, J, is. 
intended to hold it up whenever out of work, that plates of iron 
may readily be inserted for punching, placed in their proper 
position, and then the punch started. 



tiie large pulley, n. Two heavy fly-wheels, a and b', are 
keyed upon this shaft, and also a pinion, a, of eingnlarly 
strong oonstruotion. In the lessons (see Vol. I., pages 349, 
359) which treat of the teeth of wheels, it has been shown that 
in the case of small pinions the lower parts of tiie teeth arc 
comparatively weak, and so if they were subjected to the heavy 
strain that the wheels of this machino have to endure, breakage 
would result, unless special arraagementB be made to prevent 
it. Flanges, a and a', axe oast on botii sides of the teeth, and 
give to toem just toe kind of support they require. Thd fly¬ 
wheels run at considerable speed, and their impetus overcomes 
toe sudden resistance given to the punch n, or shears a, when 


This dasB of tool is almost too heaviest and strongest that is 
made, for it has to endure a pressure of many tons sudden^ 
applied, while the necessity of having a wide opening at the 
place where pressure is exerted prevents the metal offering a 
direct resistance to it. The illustration we have given above 
shows a machine of good design and strength, and excellent in 
the oirangement of its various parts. 

DUIU.INO MACHINE. 

Fig. 853.—This ranks iMh toe latoe as one of the most useful 
tbols in a workshop. The objects required in designing such a 
machine ore to provide a vertical spindle that shall revedve at 
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any desired rate, and be moved up or down quickly by band or 
slowly at different rates by self-acting mechanism. The lower 
end of tlw spindle must carry a drill that con be changed at 
pleasure. 

Below this spindle there must he an adjustable table, one 
that will slide into any position, or rise end fall while carrying 
the work to bo drilled, and also move aside out of the way to 
admit largo objects under the machine. 

The drill (ilgs. 354 and 355) is a revolving cutter, and its 


and the worm-wheel, and worm outside. For quick speed the 
oone-imlley is bolted to the spur-wheel beside it, and which 
alone is keyed to the shaft; but for slower speeds the bolt is 
withdrawn, and the second lower shaft driven by the cone-pulley 
from the pinion at the left-hand side. A simffar pinion on the 
second shaft communicates a reduced speed to the large spur- 
wheel on the primary shaft, and so transmits motion to the 
drill-spindle. This arrangement is precisely similar to the 
back-gearing of a lathe. There are two cone-pulleys at the 









object is to form circular holes in iron or other material. It is 
held in a chnok, as shown in the enlarged scale (Figs. 356 and 
357). A small set-screw holds the steel drill in the chuck by 
the flattened part, so as to prevent its turning round. 

These several requirements are well attained in the drilling- 
nuMhine illastrated. Motion is given to the ooned pulley, and 
by placing the strap on the different cones four varieties of 
speed may be given to it. A pair of bevel-wheels communbate 
tUs motion to a hollow vertical spindle, through which passes 
the drill-spindle, carrying ebuoks and drills at its lower end. 
On its upper end there is a hollow Aiaft of the same outside 
diameter as the drill-spindle, which has a rack upon it, and may 
be raised or lowered by means of a pinion inside the framing 


book of the machine, which give any required motion to the 
worm-wheel and rack that advance the drill-spindle, while a 
handle oonvoniontly placed enables an attendant to move the 
drill-spindle up or down by bond, or put the self-acting mecha¬ 
nism into gear. 

Below the drill-spindle there is a level table which can shde 
backwards or forwards, and be raised or lowered, by a similar 
arrangement to that which raises or lowers the drill-spindle, or 
may be swung round upon a vertical shaft, and fixed in any 
position by means of the locking-nut below. The grooves in 
the {able ore intended to receive bolt-heads and fasten any¬ 
thing down upon it, and thd bed-plate below is pro'rided with 
similar grooves for bolting down work of largo dimensions. 
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NOTABLE INVENTIONS AND INVENTOES. 

XVI.— PBIMCB ETJPSET. 

ST JOHN TIUBS. 

" Novbhbbh 23rd, 1682, died of a ferer and plenriay, at Me 
home in the Spring Ga^on, Bupert, Prinoe Palatine of the 
Bhine, etc., in the sixty-third year of his age ” (“ Historian’s 
Gnide,” 1688). In these few Unes was annoonoed the death of 
Prinoe Bobort Bupert, of BaToria, whose oheokered fortnnes ore 
prominont in the records of the Civil War, and who, though 
wanting in most of the qualitios which oonstitnte a great man, had 
a quick perception, and was aotive and energetic. His taste for 
militaiy pursuits led him to take an aotive part in the stormy 
tunes in which he lived; but he was impetuous and indiscreet, 
unpopular throughout the country, and had the misfortune, 
says Lord Clarendon, “ to bo no better beloved by the king’s 
party than he was by the Parliament.” Bnt he could reo^y 
change employments and pursuits, and to his possessing this 
serviceable quality may, perhaps, be attributed Buport’s atoning 
for hie ill suecess in political life by becoming a working in¬ 
ventor. After his reconciliation with Charles II., Bupert took 
up his residence with the Elector of Mentis; and hero, says 
Mr. Eliot Worburton, in the first leisure of his manhood, his 
mind reverted, witli a sense of luxury, to the philosophical 
labours in which oven his youth had taken pleasure. He now 
found new sources of interest in the forge, the laboratory, and 
the painter’s studio. 

It was during this InU in the aotive life of Bupert that he 
is scud to have discovered or improved upon tho art of engraving 
in mezzotinto. While immnred in tho Castle of lantz, ho had 
oxeroised his genius upon some etchings that still bear tho 
above date. Ho was long said to have discovered tho art of 
«ngTaving in mezzotinto, reported to have been suggested to 
him by observing a soldier one morning rubbing off the barrel 
of his musket tho mst which it hod oontraoted from being 
exposed to tho night dow. The prinoe perceived, on examina¬ 
tion, that the dew hod left on tho surfaoe of the steel a number 
of very minute holes, so as to form tho resemblance of a dark 
engraving, port of which had been Lore and there already rubbed 
away by the soldier. Bupert immodlately ooncoived the idea 
that it would be practioablo to find a way of covering a plate 
of copper with little holes wliioh, being inked and laid upon 
paper, would undoubtedly produce a black impression; while, 
by scraping away in different degrees sneb parts of the surface 
as m^bt bo required, the paper would bo loft white where there 
were no holes. Pursuing this thought, Bupnrt, after various 
experiments, invonteil a land of steel roller, oovorod with points 
or salient teeth, which, being pressed against tho oappor plate, 
indented it in the manner he wished; and then the roughness 
thus ocoaaionod had only to bo scraped down where necessary 
in order to produce any gradation of shade that might be de¬ 
sired. This anecdote obtoinod currency from its being related 
by Lord Orford, in his well-known work upon the arts, as well 
os from the avidity with which origins of the arts ate commonly 
set down as the results of accident. In short, it is said that 
Prinoe Bupert tried and snoceoded, and thus beoamo the in¬ 
ventor of mezzotinto engraving. If mezzotinto really had its 
origin in such oircamstainoos as these, which is far from being 
improbable, they must have occurred to another rathor than to 
Prinoe Bupert, since ho certainly was not tho inventor of tho 
art, os wo shall presently show. 

The merit of the invention has been claimed by some authors 
for Sir Christopher Wren, on tho ground pf a communication 
which be mode to the Boyal Society, in 1662; the .iournals of 
whioh ^sooiety for October of that year record that "Doctor 
Wren presented some cuts, done by himself in a now way, 
whereby he could almost os soon do a subjoot upon a plate of 
braia et copper as another could draw it with a crayon upon 
paper." Now, the engraved works in mezzotinto of Prince 
Bupert are not numerous, and, we believe, do not exceed 
twelve in number : his prindpM work (the “ Decollation of 
John the Baptist,” after a design by Spagnoletti) bears date 
16S8, whiob is four yeers earlier than ffir Ohristbpher Wren’s 
communication to the Boyal Sooiety. Hi 1662, the date of 
Wren’s oommnnioation, the Boyal Society was founded; .md 
in the same year the oelebrat^ John Evelyn published his 
" Soulpture,” in wliioh the first exmonnoement of tiia new in 
Sngtandat least, appeen; aadiieteatinot^ bhume the honow 


of the invention for Prinoe Bupert in a chapter "on the new 
method of engraving, of mezsotinto, invented and eommunioated 
by His Higlmess P^oe Bupert, Count Palatine of Bhine,” etc. 
Evelyn embellishes the chapter with a speoimeB from the prinoe’e 
own hand, and ooncludes it with aUnding to an aooonnt of the 
proeess, whieh he is preparing to be preserved in the archives 
of the Boyal Sooiety. Now, as we have already seen, Prinoe 
Bupert’e best performance actually bears date four years earlier, 

BO that there is no pretence for giving tiie invention to Sir 
Chrietopher Wren on the ground of anything wMah he has pro* 
duoed, or any commnnication which he may have made in 1662. 
Nor are the claims of Prince Bupert more valid, sinoe he im- 
poeed upon John Evelyn, who in turn, however, unoonsoiously 
imposed upon the world, by claiming for Prince Bupert the 
honour of an invention to which tho prince well knew aU the 
white that he had no title. 

The real inventor of this art was Louis von Siegon, a lieu- > 
tenant-colonel in the service of the Landgrave of Hesso Coesel, i 
from whom Prince Bupert learnt the secret when- in Holland, 
and brought it with him to England when he came over a second 
time in &e suite of Charles II. Some carious and very rare 
prints, purchased on the Continent, and now deposited in the 
British Museum, place the claims of Von Siegen beyond doubt. 

In this collection is a portrait dated 1643, which ie fifteen years 
emterior to the earliest of Prince Rupert’s dates; there is 
another portrait of tho same date; and another by Von Siegen 
bears tho most conclusivo evidence of its having been produced 
in tho vei 7 infancy of the art; besides which is tho faut that 
Von Siegen frequently attachod “primus inventor” to his 
plates. There are also mezzotinto works by Euzstenbuig, 
dated 1656. 

It should, however, be added that tbe works both of Fursten- 
burg and ftinoe Bupert are engraved ontiroly by tho newly- 
discovered process of mezzotinto, and evince a more matured 
judgment of its powers than those of its inventor, Von Siegen. 

It is not improbable, notwithstanding what wo have said, that 
Prince Bupert, by himsolf, or with the assistance of Wallerant 
Vaillaint, on artist whom he retained in his suite, may have 
improved tho meohanioal modo of laying the mezzotinto ground; 
but this observation does not apply to tho principlo of the art. 
We havo abridged those details from a statement which first 
appeared in the “Penny Cyolopaidia,” and is oonsidered to set 
this controverted matter completely at rest, and give the 
honour of the invention to its real author, tho rarity of whoso 
productions hitherto favours unwarrantable pretenders to the 
* merit. 

After tho Eestoration, Bupert was received with honour by 
tho king; and Mr. Warbnrton tolls us that the Prinoe esta¬ 
blished a seclusion for himself in tho high tower in Windsor 
Castle,” tho king having appointed him Governor of the oastle, 
and his rcsidonoo being tbe Keep, or Bound Tower, which tho 
prince soon famished after his own peculiar taste. In one sot 
of apartments, forges, laboratory instroments, retorts, and 
oraciblos, with all sorts of metals, fluids, and crude ores, lay 
strewed around in tho luxurious confusion of a baoholor’s 
domain; in other rooms, armour and arms of all sorts, from that 
which had hlnntod the Damascus blade of tho Holy War to 
those which had lately clashed at Marston Moor and Noeeby. 
In another room was a library stored with strange books, a lirt 
of wbiofa may be seen in the Harleian Miscellany. 

The prince waa an oprative inventor: he toiled at Ms oim 
forgo, and was a soiontific workman, and forged “ the thunder¬ 
bolts of war his hands so well could throw.” We find recorded 
in the “ ’Eriuisaotions of the Boyal Sooiety ” Bnpett’s mode of 
fabricating a gunpowder of tenfold the ordinary etrength at* 
tliat time need; and onrions it is to note that at the moment we 
write " Onr Gnnpowder" is bein/ discussed in our daily news¬ 
papers. Next Bupert invented a mode of blowing up rooks in 
mines or nnder water, an instrument to cast platforma into 
perspeotivo,” an hydraulio engine, a mode of making hail- 
shot, and an improvement in the naval quadrant. His me- 
ohanickl labonus include an improved lock for fire-arms, and guns 
for discharging soveral bullets very rapidly. He also ^soovered 
a me^od of boring guns, whieh was afterwards experimented 
in Bomney Marsh by a speculator; but some eeoret of an¬ 
nealing the metal' was not understood, except by Bupert, and_ 
the matter died with him.'*’ Mhre wide^ kfaown is his ohssriosl' 
oompo^on osUed “ prmoe's metal,” ef wttldh ^andlestioks sad 
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80^ kitcdiflu peailea aiul mortars ore made: this is an alloy of 
copper and sino; it oontsins more copper than brass does, and 
is prepared by addingr this metal to the alloy. It approaches 
nearest to the oolonr of gold. The finest si^ is called “ pinch- 
beoh,” from its imiwoTer, and was used in making watch-oasos, 
etc. j it is also tuuned tomhae (Spanish), and petit-or (French). 
Hmm curiosities are now thrown into shade by AbyssiniaH 
gold and electro-gilding. To the list of Bnpert’s inventions 
must be added a mode of rendering blaokleod fumble, and re- 
ohaufpng it into its (wiginal state. His mode of tempering Kirby 
fish-hooks is amongst his lesser improvements. His favourite 
Bcdenoe appears to have been metallurgio chemistry. 

In glass- makin g Prince Bnpert fitt^ up experimental works 
which adjoined Chelsea College—another enterprise of the day. 
The Bnpert Works proved a nuisance, for wo find by the Council 
Minntes of the Boyal Society that the College and lands might 
have been well disposed of (before 1682), but for the annoyance 
of Prince Rupert's glass-house, which adjoined it; and Sir 
Jonas More wrote to the prince, at the request of the Council, 
urging him to “ consider the Society, on aceonnt of the mischief 
his glass-house was doing to the college.*’ This was about the 
time that plate-glass was first mode at Lambeth, in works 
supported by the Duke of Buekinghara. “Prince Rupert’s 
drops ’’ take their English name from having been first made 
known in England by Prince Rupert, and not from his having 
invented them, os commonly supposed. Their origin has boon 
much disputed. Now, a drop of fused glass falling into water 
might easily have given rise to the invention of these drops ; at 
any rate, this might Imve boon tbe case in rubbing off what is 
technically called the navel —that piece of glass which remains 
adhering to the pipe when any article has been blown, and which 
the workman must rub off. In a German dissertation on glass 
drops and their properties, published in 1695, tlie author states 
that be was informed by glass-blowers worthy of credit that 
these drops hod been made more than seventy years before at 
the Meoklenbnrg glass-bouses—that is to say, about tbe year 
1635. They were exhibited at Kiel as early as the year 1637, 
and much astonished persons with their effects. They are 
stated to have been first made at Amsterdam, and called by 
the French Iwrmes 'Dataviques (Dutch tears). Anthony le Grand 
states that they came from Prussia; but as the drops wore the 
result of a common operation in glass-houses, their property may 
have been commonly known among glass-blowers, but not so 
early observed by philosophers. They were first brought into 
England in 1660, by Prince Ruport, and in the “ Boy.al ^ciefcy's 
Proiwodings” occurs this entry:—“Aug. 14th. Sir Robert Moray 
brought in glass drops, an account of which was ordered to bo 
registered,’* the experiments being mode by command of His 
Majesty; and the first volnmo of the Royal Society’s register 
book contains a very long account of them and their manu¬ 
facture. Butler, in “ Hudibms,” says-— 

“ Honour is like that glossy bubble 

That fluds phiiosopbers such trouble; 

Whose least part crack'd, the whole does fly, 

• And wits ore crack’d to find out why.” 

The drop was called “a kind of miracle of Nature,” and through 
all the universities of Europe it raised the curiosity and con¬ 
founded the reason of the greatest port of tbe philosophers. It 
is thus described in the “ Philosophical Transaotiems: ’’—“ The 
bubble^ in form somewhat pear-shaped; it is formed by drop¬ 
ping highly-refined green glass, when melted, into cold water. 
Its end is so hard that it can scaroely be broken on an anvil; 
bnt if the smallest particle of its taper end is broken off, the 
> whole flies at onoe into atoms and disappears. The theory of 
this phenomenon is that its partiolos, when in fnsion, ore in a 
state of repulsion; but on being dropped into the water, its 
Bt^ierfioies is annealed, and the particles retnm into the power 
of each other’s attraotion, the inner particles, still in a state of 
repnbdon, being confined within their outward covering.’’ It 
ei^ibits in the most perfect manner the effects of expansion 
and oontraotion; and each posaesses this singular property— 
that if a small portion of the tail is broken off, the whole barsts 
into powder with an explouon, and a considerable shook is eom- 
munioated to the hand that grasps it. We remember Rupert’s 
drops, or “ hand-oraokeis,” common ^ fairs, as well as “caudle- 
hombs ** (a Uttle water in glass, hwmetioaUy sealed), whioh ore 
of about the same date as the drops. 
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APPLIED MECHANICS.—XT. , 

BT BOBEBT STaWBLI. BAAL, 

Frofessot of Applied Uathematics and Meohanian^.Soyil CoUega of 
Science for Iteland. . , 

FLOUS MILLS (continued). - ■ 

Thb adjustment of the pressure of the upper stone "upon the 
lower is of the utmost importance in the probers of making 
flour. The major limit to this pressure is, of oouTse, the entire 
weight of the upper stone. The adjustment consists in re¬ 
lieving tbe 
lower stone 
of part of this 
pressure, by 
trans mitting 
it along the 
spindle. 

To enable 
this adjust¬ 
ment to bo 
made, the ar- 
rangement 
shown in Fig. 

1 is used. 

Q B is a lever of which the fulcrum is at Q; the power is 
applied at the point B, by means of the screw b p ; this aorew 
passes through a hols in the fixed plate B c, and is nused 
or lowered by a nut; e d is the lower bearing of the mill 
spindle, A. 'Tho spindle, instead of resting upon the bottom 
of the bearing, is supported upon a piece, h l. This piece 
passes through a hole in the bottom of the bearing at E, and 
is attached to the lover q b by a pin at Q. Thus, when 
the end b of the lover is raised, tho shaft a is also raised. 
It is easy to see how delicately the adjustment of the presenre 
can be made with this apparatus. We shall suppose &at the 
arm Q n is one-third of the arm Q b, and that the sorew b p 
contains six threads to tho inch. We shall compute the 
effect upon the distance botwoon the millstones produoed by 
turning the nut F through one-tenth part of a revolution by 
means of a key or spanner. If tho nut wore turned round onoe, 
the point b would bo raised one-sixth of an inch ; when the 
nut is turned through one-tenth of a revolntion, B is only raised 
by ^th part of an inch; tbe iioint H only receives a motion 
which is onc-ihird of the motion of B, and therefore H is only 
raised i^th of an inch. This is therefore the distance by which 
the space botwoon tho millstones is increased. If the spanner 
by which p was turned was 8“ long, the extremity of the spanner 
would describe a circle 25" long in one revolution. A move¬ 
ment of the end of the spanner through a space of half an inch 
would raise the point B through ^tli jiart of an inch, and 
tho point H throngh aJoth of an inch. It is thus evident that 
this mode of supporting the vortical spindle enables the distance 
between the miUstones to bo adjusted with the nicest delicacy. 
This adjustment requires some skill on the part of the miller, 
which Us experience alone can dictate. 

Acljastmenta are also provided for tho upper bearing of tho 
vertical spindle. This bearing is fixed in the 
hole of the lower millstone. The object of the 
adjustment is to provide that tho spindle shall 
bo strictly vertic^. x t z (Fig. 2) represents i 
tho hole in tho lower millstone, o is tho I 
spindle, and P, q, b are the throe hearings. 

These are wedge-shaped, so that by move¬ 
ment perpendionlor to tho plane of tho 
paper, tho spindle o can be adjusted verti¬ 
cally above its lowest point. ' 

MACHINES FOR RAISING WAITER, 

Machines for raising water are very varied.iniarm, acoor^ng 
to tho different ciroumstanoes for whioh they: are required. 
Sometimes a small quautity of water has to be raised a consider¬ 
able height: in this ease ordinary force-pumpsa>r liftmg-PWnps 
are employed. Sometimes, as in drainage and aimilar works, a 
vast quantity has to be nused from a small d«mtb; for such 
purposes tho ohain-pump and the centrifugal pump are found to 
bo smtable. Again, in otiter oases, such os raising water from 
mines, a large body of water has to be raised from a peat depth, 
and pumping-engines of vast power are employed. 
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W« may roughly divide the machines used for these different 
purposes into throe diSerent classes:— 

1. Machines which depend upon atmospheric pressure. 

2. Machines which depend upon the inertia of water. 

8. Machines which simply lift the water. 

To the first of these classes belong the well-known fonns of 
the lifting-pomp and force-pump. The second class includes the 
different kinds of centrifugal pomps and the hydraulic ram. The 
third class contains the Archimodian screw, the chain-pnmp, and 
very many other machines. 

Wo sh^ give a deBoiiptio& of some of the maohines in each 
of these classes. 

The common lifting pnmp is 
shown in h'ig. 3. It consists of a 
hollow cylinder of brass or iron, 
cost with a flange at each end, and 
tamed internally so as to bo per* 
feotly true. By means of the 
flanges the bottom, consisting of a 
mrenlar plate, is bolted to tlio oy- 
linder. This plate has a hole in 
its eentre, and the pipe is attached 
to the bottom. Packing, consist¬ 
ing of a ring of leather or some 
similar material, should bo placed 
in the joints before the bolts are 
tightened, in order to ensure that 
the joints shall be water-tight. At 
the bottom is a valve which opens 
inwards; when water rushes up the 
pipe it forces open the valve, and 
enters the cylinder; when the piston 
is depressed the valve closes, and 
will not allow the water to return. 

The piston is a ciroulax disk of 
metal, oontainlng a groove in the 
oiroumforence, in which the pack¬ 
ing is inserted. The packing often 
consists merely of greased tow, 
which is Buffloiently elastic to make 
the piston move water-tight in the 
cylinder. In the eentre of the piston 
are a pair of valves, shown open in 
the figure. Those valves allow of 
the passage of water from below 
upwards, bnt do not allow water to 
pass from above downwards. 

The top of the cylinder is closed 
by a plate whioh is bolted to the 
flanges. The pistqp passes through 
the top of the oylindor by means of 
what is oalled a etuffiftig-box. It is 
easy to see that special arrange¬ 
ments must be made for preventing 
leakage where the piston-rod passes 
out from the cylinder. If the piston 
merely passed through a hole in the 
top of the cylinder, leakage oonld not 
bo prevent^. Even if the piston-rod 
at first fitteti the hole so perfectly that it passed water-tight 
through it, and at the same time could move freely, this could 
. not last; wear would soon make the piston-rod sniper and the 
bole larger, and leakage would result. To obviate this difficulty 
the very ingenious contrivance known as the stuffing-box is used. 
The piston passes quite freely through the hole in ^e cover, and 
then enters the stuffing-box, the object of whioh is to keep the 
packing in close contact wi& the rod. The stuffing-box consists 
of a hollow cylinder, shown in section. The cylinder is about 
double tbe diameter of the piston-rod, and in the spaoe between 
the < 7 linder and ^he piston-rod the packing is placed. The 
paoldag may be made of tow and oil. The paoking is forced 
against the piston-rod by a piece which fits freely into the 
eyliader. piece is forced downw-irds by tightening nuts. 
Thus, when tbe piston wears a UtUe free, leakage can easily 
be prevented by foroing down the piece, which press tbe 
paoking against the piston. The great power of the sgrew 
enables the paoking to be pressed ^ olosely into contact with 
the piston as can be desired. A ppe funddied with a stop¬ 


cock, and shown in the figure, is attached to the upper part of 
the cylinder. 

We shall next explain the principle upon whioh the pump is 
enabled to raise water. The pipe desoends into the well or other 
reservoir from which water is to be lifted. The piston is placed 
at the bottom of the cylinder and raised. The air whioh is in 
the pipe raises the valve and flows into the oylindez. When 
the piston roaches the top of the oylindor it is depressed, the 
valve at the bottom oloses, and the valves in the piston open, 
as shown in the figure, and the air passes from below up to 
the part of the cylinder which is above the piston. When the 
piston reaches the bottom of the 
cylinder the process re-oommenoes. 
Thus the air is gradually withdrawn 
from the pipe, and water mshes in to 
supply its place. Tbe distanoe from 
the top of the pump to the surface 
of the reservoir should not exoeed 
abont 28 feot. The water will then 
gradually fill the tube, and on the 
ascent of the piston will pass into 
the cylinder. When next the piston 
descends this water will pass above 
the piston by the valve. At tbo 
next cslevatiou of the piston the 
water above will bo driven out 
along the delivery-pipe. The water 
thus raised may bo taken either 
directly from the pipe, as in the 
common pnmp, or, as in what is 
collod the lifting-pump, titis pipe 
may be carried up to too elevation 
too water is desired to attain. A 
different form of pump upon toe 
samo principles is shown in Eig. 4. 

The foroo-pami>, shown in Fig. 5, 
does not differ very much from the 
lifting-pump. In toe former ma¬ 
chine toe piston is solid, and toe 
valvo regulating too escape of the 
water from toe cylinder is placed 
in toe side of the cylinder. The 
piston is shown in the fig^ure in the 
act of doBoending. The cylinder 
has been filled with water raised 
through too valve. On the descent 
of toe piston too valve oloses, wMlo 
another valve opens, and toe water 
is forced outwards along toe pipe. 
In a pnmp of this kind too stuffing- 
box is nnneaessary, as the water 
dose not pass above toe piston. In 
raising water from a great depth, 
Buoh 08 toe bottom of a ooal-mino, 
toe foToo-pump most bo withi|i 
28 feet of the water, while tos dis- 
oharging tube is carried up toe ah^t 
to toe Butfooe above the mine. Aa 
toe engine whioh works the pnmp 
is at toe snrfaoe, very long pump-rods are sometimea required. 
A different form of force-pump is shown in Fig. 6. ^ 


MINING AND QUARRYING.—VI. 

BT OXOBOB QBADSTOBB, B.C.B. 

Cp*.L. 

COEX—ADVaNTAaKS OX COSINa—DIPXXBXNT QUAUTXXB OV 
COKE—^VABIOUS PBOCXBBE8 BOB COKINQ—^WABTX OABXS— 
PATXtTT XUXL. 

Fob many purposes it has been found desirable to convert coal 
into coke prior to using it. When an intense and iong-oon- 
tinned heat is wanted, and where the absence of smoke is 
spooially desired, coke may be used to advantage. It is there¬ 
fore largely employed in factories in towns, and even in private 
bhildings whore there oro dose etoves; but still more on the 
railways, and in toe smelting of iron. The reasons which en- 
ponrage its use in toe latter process will be., more partioduly 
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pointed out when we oomo to treat of that operation; ou the 
railways it is adopted partly to avoid creatuifr smoke, but also 
because in a locomotiye enpue ooonomy of fomace-toom is an 
important consideration. 

At first sight it would appear that in maiding ooko the coal 
is being burnt, but though it is raised to an intouso heat, that 
is not, strictly speaking, the case, for the result in such event 
would be that oidy the ash would be loft. Wo have already seen 
in oar third paper that a good cool will leave about 3 per oont. 
of ash, whereas the yield of coke is from 73 to 80 per cent, of the 
coal employed. It is the volatile and oily portions only which 
are consumed, leaving the carbon in a very pure eondition In 
fact, what is classed os best coke contains (after being thoroughly 
dried) about 97 per cent, of carbon, 3 per cent, of ash, and a 
trace of sulphur. The per-contage of carbon is the criterion of 
the heating power, but in practioe the result which these figures 
would indioate cannot be attiiinod, as ooko will absorb a great 
deal of moisture, and seldom contodns less than 5 per cent, of 
water, for which aUowanoo must therefore bo made. The facility 
with which coke imbibes moisture afibrds dishonest traders a 
ready moans of increasing their profits, and care should be taken 
by purchasers not to have to pay for more than a fair per¬ 
centage of water. 

Coke, tliongh very difieront in appearance, is very similar in 
chemical composition to anthracite ; and like the latter it docs 
not bum satisfactorily without the aid of a powerful draught 
of air. It is hardly necessary to describe its external appear¬ 
ance, though some importance is attached to the bright metallic 
lustre; and to be weU made and of good quality it should bo 
uniform in character throughout. 

The old method of making coke was to roast it in heaps in 
the open air; and the plan is still kept up in some phoecs, 
though it is wasteful and does nut produce so good an article. 
It has the advantage of requiring no outlay for plant. Tlicse 
heaps are sometimes circnlu in sliapo, while at others they are 
made in the form of long ridges, sometimes SOU feet in length. 

In making the cironlar heaps the larger lumps of coal are 
placed upon the ground, and the smaller pieces form the upper 
and outer portion, untU a depth of about two and a half to 
throe feet, and a diameter of twelve to sixteen foot, is attained ; 
a chimney made of loose bricks forms the centre, dranglii-bulos 
being left between each brick. A few oir-ohanncls are left 
between the large lumps of cool which form tho base of the 
mound, extending from tho centre to the ciroumforonce, tho 
rest of the heap being covered closely with coke-dust or other 
waste stoS to exclude the air. Some burning coal or wood is 
then put down the chimney, which soon communicates its fire 
to the mass around it. At first a doiiso cloud of smoke, caused 
by the bitnminotta portion of the coal, issues from Uio chimney; 
but by the time tho fire has pervaded tho whole mass, that dis¬ 
appears, and its place is occupied by a blue lambent flame, 
indicative of tho evolution of the gases ; as soon os the hitter 
fades away tho top of tho chimney and all tho sources of air arc 
closed up, and the coke, being made, is loft for two or three days 
\o cool down, when it is ready to bo drawn. For this purpose 
eare has to be taken that tho air is thoroughly oxoluded, or it 
will continuo to burn ; and it is usual to put a thicker coating 
of dust on flio windward side, h'ormerly no chimney was used 
is these heaps, but a number of holes were left in tho mineral, 
and fire applied to each, no protecting covering of dust being 
put % until the fire bad spread to all parts of the pile: this 
was, however, very wasteful, as the surface coals were partially 
consumed, instead of being coked, before the lower portion was 
Bttffioiontly heated. 

The round heaps ore not generally found so advantageous as 
the ridges, because the mass in the former is so grout that tho 
outer portions are often insufficiently coked, in which case tho 
ooke be found to retain a portion of its hydrogen and oxygon. 

The ridges or rows ore long and narrow, sometimes extending 
200 feet in length, and have an air-passage nuining through their 
Wh^ length, the row being commenced with large lumps of 
oool inolined towards one another, so os to leave a triangular 
space between them. The smaller pieces are heaped np till it 
is about four feet high, and tho whole is closely oover^ with 
fiool-duBt. About tile distanoe of every seven or eight feet 
there is aa upright stake extending from the air-passago ; this 
ia drawn out, and fire put down the aperture, wMoh rapidly com- 
tnunioatea heat to the anrioanding coal, so that the whole 


ridge ia aeon aglow, each one of these -natural chimneys being in 
communication with tho longitndinol air-obanuel. As soon os 
tho coking is coraiilcto the supply of air is stopped, and tho 
mass left to oool as before. 

In some places large open Mina are used, in whioh 150 tons 
of coal can easily bo operated upon at once. They are generally 
about fourteen feet wide, ninety long, and seven and a half high. 
In the walls of the. kilns ore openings to admit the air, and tho 
largo oool is so arranged that the oir-passogos shall comnmni- 
cato with these openings. Thu outside of these being fitted with 
dampers, the draught can bo regulated very conveniently. Tho 
Burfaco of tho cool inside the kiln is covered with coal-dnst as in 
the open heaps. The inas-s of coal in these kilns is, however, so 
largo, that there is a risk of burning away tho coals in the 
neighbourhood of tho oir-possagcs before tho rest of it becomes 
properly carbonised. It is therefore doubtful whether ill tho 
end anything is gained by their adoption. 

This leads ns to tho consideration of tho most approved 
method of coking—viz., in ovens. This plan is now very largely 
practised. Tho simplest form of coke-oven is a circular bald¬ 
ing of fire-brick, with a doorway in the front, covered in with a 
rather fiat vaulted roof, in tho top of which is an opening. The 
oven is filled with coal up to abont tbo springing of the roof; 
tho doorway is then filled in with looso bricks so as to allow the 
entry of a littio air; and as tho coking proceeds the door is 
more ofEoctually closed by plastering it up with clay and sand, 
beginning at tho lowest row of bricks and working upwards, tho 
topmost row being left nntonchod for some hours longer. When 
all ilame has disappeurud, tho holo in tho roof is also closed 
with a stuao slab, and every crovioo stopped up with loam. 
After remaining shut out from tbo air for abont twelve hours, 
the charge is ready to be drawn. Tho door is then broken open, 
and tho coke is dra-wn out by means of rakes into iron borrows 
or trucks and carted away. Some water is often sprinkled upon 
it immediately on its being drown from tho oven, to cool it more 
rapidly. Kothing is said hero about setting fire to tiio coal; in 
fact, that is not needed to bo done, for the coking operations go 
on continuously day and night, and tho ovens ore never allowed 
to get oool, so that the heat radiated from tho walls and roof is 
snffioiont without further assistance to set tho ohargo on fire. 

Various improvements upon this rudimentary form of coke- 
oven have been made, and some that havo boon proposed really 
I convert them into elaborate stmotures. Some of tho princip^ 
modifications, and the reason for thorn, must hoirover bo noticed. 

As a matter of economy, it is of importance not to allow any 
more of the heat tp escape than can possibly bo avoided. Tho 
I walls arc therefore mode very thick, and tho roof covered over 
with sand or some other bad oondnetor of heat. A coke-oven 
never stands alone, but a number are built together, so that one 
shall keep tho other warm: they are goner^y arranged in a 
double row, back to back. Many of tho best ovens have a 
double roof, and tho waste gases from tho coal pass through tho 
space between tho two roofs on their way to the cliimucy. One 
tall chimney sorves to carry off tho gases from a large nnmbor 
of ovens; and by a little careful management very little smoko 
need bo produced during the operation, as it is only in the earlier 
stage of the coking process that smoko is produced at all. Tbo 
waste gases oro often made to contribute still more to tho 
maintenance of tho heat in tho ovens, by tho flues being carried 
through tho walla and under -the floor of the ovens, so that 
ilio gases have to make a considerable circuit before passing 
away. This arrangement possesses the special advantage of 
expediting tho action in tho lower portion of tho charge, which 
in tho simple ovens is the last port to get coked, ns the heating 
there commences nt tho top and gradually works downwards. 

In many of tlio improved ovens the supply of air is not 
limited to what enters by tho upper portion of tho door, bnt is 
admitted by small air-pnssagos passing through tho walls in 
various parts, but always above the surface of tho charge; tho 
supply from those can be regulated with much nicety, and the 
air is thus distributed equally over all parts of tho charge, instead 
of being all directed upon one point. 

The loklug out of the ooke when made ia not only a hot and 
laborious process, but tho time occupied by it allows of tho in¬ 
gress of a great deal of fresh air, whioh tends materially to oool 
thd oven itself. Both those objections are obviated by the use 
of what ia called the drajJt It oonsists of an iron bar which lies 
along the floor of tho oven from tho door to the back, with a 
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long pieoe of flat iron fixed at right aaglea. Tbie ia put in its 
plaoe at &e back of the oven, before the ooel is introdnoed, and 
nmalne there thronghont the prooeea ;*when oomplete a chain 
is attached to the fore end of '&e iron bar, and ndth the help of 
a vindlaee the whole charge ia drawn ont in one moBa. Whore 
ihe drag ia naod the lower part of the oven mnat be rectangular, 
and the rridth of the door increased. 

Figs. 12,13,14, showing the plan, elevation, and eection ci coke- 
ovens, will serve to illnstrate the foregoing deacriptiona. They 
represent a portion of a doable row of eighteen ovens, commnni- 
eating with a chimney atalk 115 feet high. These ovens have iron 
doors, which are hong with counter-weights, and raised or lowered 
by a crane. Within ia a second door made of fire-bricks. The 
exterior of the ovens ia bonnd with iron. The floor rests upon 
a bod of concrete, and the supply of air can be regulated by the 
damper plates in the channel connecting the oven with the flue. 
Every alternate oven is charged in snooession, so that while the 
one is having the coke drawn and being re-charged, those on 


hydro-carijons are evolved, on the olher hand, at a temperature 
Bomewhat below a dnll red heat: eome of the prodnots of,theee 
are desoribed in “ Chemietry applied to the Arts,” papen II. 
and IX. All these substanoes, both gaseous aM Uquid, are 
sacrificed to the carbon in the coking process, while in the 
other the qnantiiy of carbon desired ia only so much as will 
enter into chemical combination with the hydrogen. 

Patent Fuel .—Small coal and coke-dost ^ve lately been eco¬ 
nomised by converting them into patent fnel. Several patents 
have boon taken ont f<» this purpose, and there are some very 
largo establishments in England and Woles for the working of 
! them. The general principle involved in them is to work up 
I the slock and dust with just sufficient coal-pitch or tar to make 
it cohere, and then compress it into solid blocks. For this 
I purpose the materials have to be somewhat warmed, so that the 
I pitch becomes softened, and the mixture rednoed to a pasty 
' mass. In order to moke a hard fuel which shall stand a hot 
I climate without fear of spontaneous ignition, the heat ia raised 



Fig. 13— ELEVATION OP OVENS. 


either side are at their full heat. Each oven treats throe and a to 400° or even 600° Fahrenheit, by which moans the more 
half tons of coal at a time. _ volatile ingredients are all driven off. Snch fnels are much nsed 

The amount of heat which ia generally wasted is very con- on board steam-veseela; and for navigation purposes the small 
aiderablo, bnt it may bo easily tnmod to profitable accomit. cool used in their manofactoie is generally that derived from 
Thus at &e large iron-works of Soraing, in I^lginm, the boilers the best steam coals : being made into blocks considerably 
for “the steam-engines are erected over the coke-ovens, so that larger than ordinary bricks, and aU of nniform size, they ore very 
twenty-four ovens supply all the heat required to work two easily handled, are very economical in stowage, and oAse less 
engines, by which a saving of nine to ten tons of coal per day is dnst, which arc all considerations of some importanoe on ship- 
effected. board. The analysis of a good patent fnel will give about 

The coking process does not altogether drive off the sulphur 86 to 90 per cent, of carbon, and the specific gravity will raaey„ 
flontained in coal, and to rednoe the quantity at this obnoxious from 1T3 to ITS. The loss in actual density of ^e fuel as 
ingredient the coal is somotimoB washed firk, and some add a compared with large coal is balanced by tbe closeness with 
Uttto common salt in order to invert the snlphnr into enlphato which the blocks can be stowed on shipboard, 
of so^nm. A fuel may even be prepared from some kinds of small coal 

It is weD known that coke is not the only prodnet of coal without the use of pitoh or any other ingredient of that kind, 
whidi is yielded by the agency of heat; bnt the others are not By selecting that derived from a good ca^g coal, and heating 
regarded by the edke-bnmer, because a different temperature it up just bo the caking point, it will cohere sufficiently to form 
from that which snits him best are needed for their production, a firm block after it has passed nnder heavy pressure. 

The oommm illnminating gas is the most familiar of these The unavoidablo production of coal-dust is so great, that the 
actiolee, which la pr^need by distillation at a high temperature; accnmnlation of it in large workings loads to mnoh inoon- 
and though a quBnt^ of o<^e is left in the retorts of the gas- vonienoe. In the face, too, of the rapid consumption of large 
works, it is of a diffisrent character from that described liere, oosl, these appUanoee f(^ turning to account the heaps of oo^* 
and ia Of very littie valne aa an fcrtiole of fuel. Gas-making t dust which were formerly considered as dead loss, cannot but 
will be tieated in a sspuate series. Hie tar and other oil^ J be regarded ah of the highest importanoe. 
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PKINCIPLBS OF DESIGN.—XVII. 

BT OBBI8IOPHBB DBBSSIiB, PH.S., 7.II.8., XTG. 

CABPBTS. 

It is sot my istontion in this chapter to consider is detail the 
Torions hinds of carpet which are common in our market, nor 
even to reriew the history of their manufacture, interesting os 
it would be to do BO; for wo must confine ourselves more par¬ 
ticularly to an examination of the art-qualities which they pre¬ 
sent, and to the particular form of pattern which may be applied 
to t^m with advantage. 

Although wo cannot hero enter into a consideration of the 
manufocturo of carpets, 1 cannot too strongly recommend all 
who intend preparing designs for them to consider minutely the 
powers of the carpet loom; for the nature of tho effect produced 
wiU depend to a large extent upon tlio knowledge which the 
designer pos-sesses of the capabUities of the mannfaoture for 
which he designs patterns. In the case of any manufactoro it 
is highly dosirablo, if not absolutely essential, that the designer 
of the patterns to bo wrongbt should be acquainted with tho 
process by which his design 
is to bo converted into tho 
particular material for which 
the pattern has been pre¬ 
pared; for this knowledge, 
even when not .absolutely es¬ 
sential, gives an amount of 
froedom and power which 
nothing else can supply. 

The carpets most exten¬ 
sively in use are “ Brussels; ” 
but there are many other 
kinds both of better and in¬ 
ferior qualities. “ Kidder¬ 
minster carpet” (a carpet not 
now made by even one Kid- 
derminsior manufacturer) is 
a common fabric suited to 
the bedrooms of middle-class 
houses; but tho art-capabili¬ 
ties of this material are very 
small, as it can only have 
two colours in any lino run¬ 
ning throngh its length. 

This carpet consists of two 
thicknesses, which are im¬ 
perfectly united, and is not 
durable. “ Brussels carprt- 
ing,” now made chiefly in 
€lreat Britain, is a goo.l 
carpet for general pnrpose.s. 

Its surface consists of loop.s, 
and it may have five, or, if 
made of extra quality, six colours in any line running throngh- 
dht its length. If with five colours in the same line the carpet 
will, in a sense, consist of five tliicknessos of worsted; yet these 
are nnitod into one fabric. In some oases a “ Brussels carpet ” 
is woven of very closo texture where the loops are all cut 
through; thus wo have formed a “ velvet pile ’ ’ or Wilton 
oorpet ”—a fabric which is very rich looking, and durable. 

ThoHb called real “ Axminstcr ” carpets are, perhaps, 'dho boat 
made. They are formed by tho knotting together of threads 
by hand, consequently any number of oolonrs may be used in 
j their formation; but such ore necessarily most costly. A 
“patent Axnunstor” carpet is made by a doable process of 
brad-weaving, by which fine results are achieved, and any 
number of oolonrs used. In the first weaving a rough “ cloth " 
is farmed, which is out into strips called “ chenille threads,” 
and these are woven into the carpet. This process is most 
inganions, and tho carpets produood by it are very good; but 
they ate costly. 

llessrs. CroBsley and Sons, of Halifax, some few years since 
patented a most ingenious process of manufacturing wha'. are 
known as “ tapestry ” carpets—a process resembling^ in its 
nature tiiat of the patent Axmmstor manufacture, but differing 
in this partioular, that the “ warp '’^threads, answering to the 
uhenlUe threes of tho patent Axminster, are oolonred by print¬ 
ing, rad thus the first proeess of weaving is dispensed with. 


These oarxMts are, like Brusssls, made with a looped surface, 
rad also with a pile. They oonnot be said to compare in ray 
way with the patent Axminster oorpets, which are of a pro- 
tentious and costly character, hoc even with a good "Bnusels;” 
bnt they are low in price, and meet a want, as is proved by their 
enormous sale. 

Besides these varieties of carpet there are a number of kinda 
of foreign production, most of which ore hand-mode, and ore 
very beantifnl. - By far the greater number of these have a 
“pile,” although this is sometimes rongh rad nneven, yet 
rarely, if ever, inartistic; but a few ore without pile; still these 
are not without that indescribable something which renders 
them estimable in tho eye of an artist. 

Having hastily noticed the chief kinds of carpet in use in this 
country, and we might say in almost all countries, we oome to 
the question—what form of pattern, or what character of orna¬ 
ment, shonld form the “ enrichment ” of snoh a fabric ? 

When speaking in a previous article (see page 119) of wall 
decorations, we noticed that a wall-paper pattern, or, indeed, a 
wall pattern of any kind, might desirably have an upward 

direction and a bilateral sym¬ 
metry. This can never bo 
tho case, however, with a 
caupet pattern, which must 
be equally extended all over 
the surface, or have a simple 
radiating symmetry, as 
54; and this rule will apply 
whether the pattern be sim¬ 
ple or complicated. It is 
not wrong, as we have said 
before, to have a radiating 
pattern on a wall, bnt it is 
wrong to have snch a pat¬ 
tern on a floor. 

The reason of this is ob¬ 
vious. If such an object as 
wo have indicated is placed , 
on a wall, from whatever 
point the occupants of the 
room may view it, it is yot 
right way upwards to them; 
but if such an object were 
placed on a floor it would bo 
wrong way upwards, or side¬ 
ways, or obli(iae to most of 
those who viewed it; and ta 
employ a pattern of this cha¬ 
racter in snch a position is 
highly absurd, when a pat¬ 
tern can a.s readily bo formed 
of such a character os will 
avoid this unpleasantness. 
What would wo think were wo asked to view a picture, or even 
to visit an apartment containing such, were this work of art pre¬ 
sented to onr view in an inverted manner ? Wo should feel 
astonished at tho absurdity; yet this would bo no worse than 
expecting us to view a carpet while the pattern is to as in an 
inverted position. 

And the principle which wo have just set forth is one taught- 
by a consideration of plants. If we wander over tho moor, 
where wo tread on Nature's carpet, wo find that all the little 
plants which ne.stle in tho short mossy grass are “ radiating 
ornaments”—that is, they are pretty objects which consist of 
parts spreading regularly from a centre. 

I cannot too strongly advise tho young omomontist to study 
the principles on which Nature works. Knowledge of the laws 
on which plants gniw is very desirable; yet it is not our pteo 
to imitale oven the most beautiful of plant-forms—^this being 
tho work of the pictorial artists. Yet it is ours to study 
Nature’s laws, and to obsorvo all her beauty, even to her most 
subtle effects, and then wo may safely pillage from her all that 
wo can tovsisfenily adapt to onr own purposes. But in order 
that we produce ornament, wo must infuse mind or soul into 
whatever wo borrow from her. - , • 

With the view of more fully impressing tho manner in which 
Nature teaches us principle^ which wo may apply in art, rad of 
aiding the student in his inquiries, wo will give one or two 



Fig. 54. 
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illnrttatioaB. Thus Fig. 55 ii a drawing of a spray of the 
goeldor rose (Viburnum opulus) when seen from side, or, 
as 1 might express it, when viewed as a wall decoration; and 
Fig. 56 is the same spray as seen from above, or, to use the 
same manner of expression, when seen os a floor pattern. 
Farther, Fig. 57 represents a young plant of a species of speed* 
well (Veronica,) as a wall ornament, and Fig. 58 the same plant 
when seen as a floor ornament; and Figs. 59, 60 represent a 
portion of the gooselgraBB (OaUum Amarine) as seen in the same 
two views. 

fVom these illostrationa wo see that plants famish us with 
types of two essentially different ornaments which axe adapted 


bilatenil. flowers intended only as wall ornaments. In order to 
secure our seeing the potwy o^y laterally, it is famished with a 
bent stalk; hence it never rests horizontally upon the summit 
of its stem, but always hangs so that it is perfectly seen onJ^ 
from the side. 

There ore cases, however, in which bilateral flowers are 
placed horizontally; but it is very interesting to notice that 
when this occurs the disposition or arrangement of the flowers 
is such as to restore the radiating symmetry. Thus, if we 
take the candytuft (Iberis) or the common homlook (Conium), 
we find that while each flower is bilateral in character, the 
flowers are yet arranged around a centre in such a manner that 



to the decoration of the two positions of wall and floor, and may 
be introduced with tmthful expression and effect into wall* 
jiaper or carpet. 

Even whw the leaves appear somewhat dispersed upon the 
stem, a principle of order can yet bo distinctly traced in the 
manner of their arrangement, os is diagramatically expressed 
in Fig. 69; and here, also, the top view gives us a regular 
radiating ornament. 

The same law prevails in tl»e flower that we have traced 
os existing in the arrangement of loaves upon the stem: thus 
Fig. 61, which represents the London pride (Scarifra,ga urn- 
brusa), affords an example of a regular radiating Sower, which 
we find BO placed, in different examples, as to appear as a floor 
or wall ornament; and Figs. 62, 63, the former bertg the 
flower of the speedwell (VerotUe4), and the latter that of the 
common pansy (VvAa tricolor), famish us with iUustmtions Of 


the smaller portion of each flower points to the centre of the . 
flower-head, while the larger parts point outwards from tl^f 
centre of the group. These, then, axe the teachings of plants, 
to whioh we are called upon to hearken. 

The above illustrations axe not only useful examples of the 
adaptation of plant-forms to ornamentation, but form excellent 
guides to the art-student for the conventional treatment of 
leaves and sprays, buds and blossoms. They will also servo to 
indicate the kind of plant-forms that should be ehosen for 
decorative purposes. Students of this branch of art would find 
it a useful praotiue to make a collection of any flowers and 
plants or parts of plants that appear to offer features sin^ar 
to those of whioh we have been writing, and test their oapabili- 
ties for deooxative purtiosos, by endeavouring to arrange them 
for omamentation of wall and floor, as we have treated the 
plant-forms named in this paper. 
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THE ELECTEIO TELEGEAPH.—XL 

Br J. M. WiUKsa, B.A. 

BONELU’S PRINTIira TELEaiUFH — ALPHABETICAL IHRTBTT- 
MBNTB—BREBUET’B—^WHBATSTOHB’b TTNIVBRSAL. 

In OBI last lesson we deseribed several forms of chemical tele¬ 
graph; there is, however, one more to which wo must refer 
before wo leave this class of instruments. This is known as 
JBonelli’s Printing Telegraph, and by means of it the mo.siago 
is printed in ordinary Koman characters, and that too at an 
almost incredible speed. It is said by those who have used the 
instrument that, when the message is printed in fugitive ink, a 


teeth of a comb, and arc connected with the five line-wires. At 
the receiving station are five somewhat similar pointers, con ■ 
nectod with the corresponding wires, and the chemically pre¬ 
pared slip is made to pass along under these, so that, if 
constant currents were jmssing, five parallel lines almost 
touching one another would be traced on the slip. The 
current, however, only passes when the raised jmrt of a letter 
comes against a contact-spring or pointer, and thus tho marks 
traced correspond to the raised parts of tho typo, and we have an 
almost exact copy of the type printed at the receiving station. 

An enlarged copy of a messago us received by this instrument 
is given in Pig. 48, and will explain tho whole action. 
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speed of more than a thousand words a minute may bo attained, * 
and in permanent characters from 200 to 300 words n.ay be i 
• sent in the same time. There is, however, one very great draw- 
liuok to the use of this instrument, and that is tho fact that it 
x^uires five wires, and thus it can only be made to pay on i 
lines whore a groat many messages arc continually passing. 

The instrument consists virtually of five pointers placed side i 
by side, each of which acts in the some way as tho one pointer 
or pen in Bain’s instrument. The message is first set up in ' 
metal type, blotd; letters and capitals being employed. t>rdi- ! 
nary printing typo will not answer, however, since it is loft- ; 
handed, and, besides, is so soft '^at the metal would soon | 
wear away. Brass letters ore therefore used, and when set I 
up they ace placed on a metal tray connected with .the earth- | 
plate, aod m^o to pass under the pointers. j 

Of these there ore five, which are placed side by eide like the ! 


This instrument is a very ingenious and reliable one, but, for 
tho reason referred to, it has not come into general use. The 
whole doss of chemical telegraphs are in fact chiefly vahmblc 
os showing what may be ucoomplished by means of electricity: 
none of them, wo believe, being practically employed in this 
country to any great extent at the present time. 

We must now jmss on from these instruments to our last 
class—namely, the alphabetical or dial instmmonts. In most 
of the telegraphs alroiidy desoribod the message is sent in some 
cipher or code, and the instrument can only be used by tho 
initiated, some considerable amount of praolino being required, 
to attain even modorato facility in its use. For many reasons, 
however, it is a great advantage to have an instrument so 
simple that any one with a little care and understanding can 
work it. This is especially the case whom, as is frequently 
done in tho present day, a wyo is fitted between two or more 
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different offices of any houso of busiuoss, or botwoeu an office 
and a factory. 

Very many instruments have accordingly boon invented in 
which a pointer is made to travel round a dial on which the 
letters of tho alphabet arc engraved, and to stoj) at any re¬ 
quired one; HO tliat tho inosHago to bo sent may bo spoiled out 
in this way letter by Inttor. Ttoo oro sometimes disUngnished 
as atop-by-step motion tclographs. Wo cannot oven mention 
all the different instruments of this kind that have been in¬ 
troduced, but will describe one or two of those which bo.st 
illnstrato their oonstmotion, and from these tho action of most 
others may, with a little thought, bo undorstood. 

Broguet’s Alphabetical 'rolograph will convoy a good general 
idea of this class of instruments. In it, as in scvural wo have 
olrcivdy described, the receiving and transmitting portions :irc 
entire]^ distinct. Fig. 49 roiirosonts tho former of these, and 
Fig. 50 a back view of tho same instrument, tho case, and also 
tho magnet, which occupies a position facing tho dotted circles 
on A, being removed for the Rake of clp.arness. 

Bound tiwrface arc plivond tho 25 lotters of tho French alpha¬ 
bet and tho sign which is given at tho end of each word, 
while in an outer oirclo the luimorals from 1 to 2.> are arranged. 

In an Englisli instminont iJinro arc nsually 50 divisions on 
tho dial-plate, for tho 2C lotters, tho comma, somicoluii, full 
stop, and ■+■. Inside the case is some clockwork, which is 
wound up by Hio axle soon on tho face between 25 and 1. This 
olockwork causes tho hand to travel round tho face at a con- 
sidomblo spend, but its motion is stopped or regulated by the 
oBoapomont soon at q, an enlarged view of which is given in 
Fig. 51. 

It oonsists of two ordinary scape-whonls mounted on the 
same axle in snoh a way that the teeth of one aro alternate 
with those of tho other. A small pallet, i, is lixed under iliis, 
and is so arranged that as it vibrates backwards and forwards, 
it alternately catches tho tooth of each wheel; in this way, 
each movomout of tlic pallet allows tho whool to revolve one 
twenty-sixth part of a rovolution. and as tho h.and on tho dial- 
plate is fixed to the axis of this whool, it allows tho bund 
to move forward one lottor. 

Wo have now to seo tho way in wliioh this movement of tho 
pallet is controlled by moans of tho oloctric current which 
arrives along tho line-wire, and passes round tho coils of tho 
magnot. Tho keeper or arinuturo, A (Fig. 50), is suspended so 
as to swing freely on pivots fixed in tho supports v v', and 
earrioB with it a small arm, I, having a pin, c, inserted at ono 
-■ode of it. A spiral spring, /, pussos from the top of 1 to a wire 
fixod to tho stand, and thus keeps the armature away from 
tho magnet when no current is passing. 

The armature thtreforo swings to and fro as tho circuit is 
mode and broken at the sending station, and this alternate 
motion is communicated through I and c to tlio fork d(Fig. 51), 
and thus to tho pullet i, which at each muvoraent allows the 
hand to move forward ono letter. If then it bo sot to -f-, and 
a current bo transmitted along tho line-wire, the hand will 
move forward to a, and there remain as loqg as tho current 
passes. As soon as it ceases, tho spiral spring will draw away 
tho armature from tho magnet, and the haml will move to b. 
Thirteen eurronts ore thus required to allow tho hand to com¬ 
plete its rovolution round the dial, and tiui transmitting appa¬ 
ratus has to bo so arranged tlnvt we may easily can so the re¬ 
quired number of currents to bo sent so ns to stop the hand at 
any given letter. 

Sometimos, however, tho hand will get wrong, owing to tho 
receiving clerk interrupting the momago, or from some other 
conso. A small rod with a milled head, T, fixod to it, is there¬ 
fore provided. By pressing on this the pallet is entirely removed 
from tho Hcapo-wheel, which, being thus sot free, rotates until 
the hand points to -f, whore another stud stops it. 

Tho_ transmitting apviaratns, which is far simpler in its oon- 
stvuotiou, is shown in Fig. 52. It (.-onsists of a largo dial-plato 
with the letters arranged round it just as in tho mooiving 
instrument, and a small notch is cut in the rim opposite each 
letter. A handlo, m, is fixed to a pivot in the centre, and has an 
opening or slot cut in it. Tliis is moved round in ono direction 
flowing the order of tho letters, till tho one we wish to send 
ie soon through the slot. A small peg in its under side catches 
in tho notch against the letter, and ensures it stopping at tho 
right point. If by any chance the handle is moved beyond^the 


letter, we most not move it back, but must carry it quite round 
tUl it again comes to the required letter. 

A portion of tho dial is removed in tho figure, and shows 
a wheel underneath, which turns with the handle. In this 
whool a sinuons groove is ont, having thirteen elevations and as 
many dopressiona. A small roller fixed to a pin on one end of 
the hont lever t works in this groove, and thus for every rovoln: 
tion made by the hand h, this lover is moved from side to side 
thirteen times. 

At the lower end of T is a spring faced on cooh side with 
platinum; as tho lover vibrates this comes alternately into 
contact with the screws n and q, the former of which is con- 
noctod with tho lino-wire. Tho battery-wire is connected to m, 
u>id thence the currant X'ussos to tlio grooved wheel, and along 
tl)o lover T. 

Wc can now understand tho action of tho axjparatus. Let us 
move tho handlo to tho letter A, tho lever t will at opce bo 
moved till its lower end comes in contact with p. Tho current 
will then jjass from tho battery, through tho wheel, along t, 
and by way of r to tho line-wire. It will then cause tho 
magnet at the receiving station to attract its armature, and 
thus lot tho hand there niovo to a likewise. If now wo move 
the handlo to B, the lover will he inchned to the otiior side, and 
the oiuTont will thus bo mtermptod. Tho magnet at tho other 
end then ceases to act, and tho armature being released, lots the 
hand move forward another letter to n. In tliis way, we have 
only to move the handle to any letter we like, and the same 
letter will he indicated at the other end. Tlie message is thus 
sxiullud out letter by letter, a sbori. pause being made botwcon 
cocli. 

The handles seen at tho upper sides of tho receiving instrn- 
ment servo to make tho cun'ont xiiss to tho alarum, or tho 
rocoivor, at ideasnre. 

At the end of each message the handlo is turned twice round 
t > show that it is complete, and the receiver, if be has under¬ 
stood, oeknowlodges by a similar sign. 

This instrument is an electro-magnetic one, and requires a 
battery; there ore, however, sevorid somowli.at eimilar ones, 
which ore purely magnetic, and in which, therefore, all the 
trouble of a battery is avoided. Tho one of tlioso most gene¬ 
rally used was invented by Wheatstone, and is now employed 
on nearly all tho private lines in London. 

In this tho receiver is usually made to stand on tho upper 
part of tho transmitting ax)paratiiH, as soon in Fig. 53. Tho 
latter consists of on oblong rectangidar box, on tho top of 
which near the front is a raised dial-idato with tho letters of tho 
alphabet and tho signs , ; . and -f- engraved round it. lu tho 
centre is a hand which is moved by a handle in front, and 
point-s auocossivoly to these various signs. 

Outside each letter is a small stud or button which can bo 
liresscd down by tho finger; those are so an-angod that when 
ono has been depressed, it remains so until another is itrossod 
down, but the of doing this raises the former, so that only 
one stud oan be down at the same time. In the front is eeen a 
small handle which is oontinnonsly rotated by one band, tho 
other being employed in pressing down tho required stilds. 
When that opposite any letter is touched, the pointer is free to 
move round to that letter, and there il remains nntil another 
stud is pressed down, so that in sending tho niosaage wo have 
merely to iirons down in succession tho studs con'oepoudiiigtotho 
Icttovs, and thus spell it ont. 

Inside tho instrument is a second hand fixed to the kame axle 
as tho x>ointor and turning with it. This is so iilaccd that 
when any stud is depressed it catches against it and stops its. 
farther progress. The movement of 13118 pointer is thus en¬ 
tirely mechanical, but an arrangement is also mode by which A 
the same time a short oironit is made, so that no more currents 
pass along tho line till the hand is again free. 

One great advantage of this instrument is that the armature 
is kept constantly rotating by tho handlo. In this way its 
movement is much more regular, and the danger of the needle 
“skipping” is gwatly rodnoed. The internal mechanism is 
simple; several thin horse-shoe magnets ore screwed together to 
form a compound one of considerable iwwor, and two bobbins 
wound witli fine wire are placed side by side on each polo. The 
cores of these foot aro arranged in a oirolo, and tho keeper, 
rotates iii front of the^. llio alternate bobbins are wound in 
reverse directions. 
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When the armature, which turns on a pivot in the centre of 
the four bobbins, is in front of the first and third, a momenhiry 
current is produced, which travels along the line-wire; as the 
amaturo passes to the alternate pair, a current in the reverse 
direction is generated, and thus by the continuous motion of the 
armature alternate currents are sent. 

The armature and pointer ore both set in motion by the 
handle seen in front of tho instrument, and are so adjusted that 
for each current sent the ]>ointer advances one letter. As soon 
us tho pointer is arrested by any stud, tho eurreuts ore, us wo 
nave seen, interooptod. 

We must now tom our attention to tho receiving apparatus, 
in which there is a small dial and hand similar to tho lurgo one. 
Tho currents pass round two slender bobbins, placed side by 
side, the ends of which are represontud by tho dotted circles in 
Fig. 54. Betwooii those there is a pair of magnetised needles 
ruversod and mounted as soeii in Fig. 5.1, and tho alternate 
currents cause this compound to o.scillato, tho opposite polos 
being alternately attracted and ro|>pllod. To the upper end of 
their axis is fixed the arm a (Fig. 51), which carries the ratehet- 
whool, h. As this arm oscillato-s, tho slender screws, c c, 
alternately catch in tliu tcctli of b, and thn.s at each movement 
advance it liolf a tooth, or one letter on the dial, for tho 
liointer is fixed to tho axis of tiiis wheel. The hair-springs, <1 d, 
prevent tho wheel moving nncvfuly. 

A small handle is alway.s provided under tho upper dial by 
means of whiesh tho needle may, when roijugred, bo brought to -(-■ 
If at any time the i-oeciving clerk fails to understand a word, ho 
at onoo interrupts by workuig his own instrument. Tliis throws 
both needles out; both operators thou couso working, taking 
care to leave the large poiiiturs at -f ; they then bring their 
receiving pointers to the same sign, and are ready to resume. 
If tlio needles do not all agrc'p at starting, it is clearly impossible 
to make the message understood. 

An alarum is always used with this instrument, and by 
moving to tho left tlie lever seen beliind the roooiver, tliis is 
brought into circuit, and the receiving instmment shut out. 

Wo have ourselves used an instrument of this kind for a con¬ 
siderable time, and found it very simple, and with ordinary ■ 
taro not bablc to got out of order. I 
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l>K.AWISa I'OE STONEMASONS. 

A CONOIBJ! mSTOKY OF MASONIIY. 


permanency of tho agrooment entered into. Thus we find Jacob 
took a stone and set it up for a pillar, and said to tbo people, 
“ Gather stones,” and they took stones and mode a heap, and 
both parties called it by a namo which, in tho language of each, 
signifies “the heap of witness.” Several such instanoes oceur 
in saorod history. 

Amongst rude and barbarous people there seems in aU ages to 
have existed this desire to erect huge masses of stones, either to 
commomurate some triumph, or for the exercise of their religious 
rites; and the early history of almost every nation contains 
records of some such structnres. 

Of tho early history of stone-work, Mr. Asbpitel says : “ The 
necessity for dofoncu against predatory tribes seems to have given 
tho next impulse to building in stone: and to this wo probably 
owe tlioso extraordinary walls called Cyclopean or I’elasgio. 
Those consist of huge polygonal blocks of stone carefully ent, 
so as to fit exactly to each other without mortar, forming walls 
which must havo been impregnable at that time.” 

An idea of their size may bo gathered from tho fact that in 
tho kltrusean walls at Bnsollas, Mr. Dennis m(‘a.sarod a stone 12 
feet 8 inches long by 2 feet 10 inches high. Most of tho stones 
forming those walls would weigh from six to eight tons. It 
seems very difficult, considering tho deficionoy of machsnory at 
tho period, to imiigino how they wore hoisted. Pausanias,* da- 
scrihiug those of ArgoHs, says : “ 'J'ho walls, the only remain.^ 
of the city loft, are tho work of tho Uye]o|)s, and arc made of 
rough blocks of such a size that a yoke of mules would be unable 
to move tho smallest.” 

The masonry xiractised in Assyria possesse.^ thi.i peculiarity — 
that, excepting at the angles, it formed only a facing to tlio 
immensely thick walla, which were filled ui) in a manner to be 
snbsoquently described; and it is especially interesting to us 
from its great antiquity. 

Mr. liayard, to whom tho world owe.s so much for his dis¬ 
coveries in Assyria, tells us that COO years before the (Ihristiau 
era, Nineveh ceased to be a city, and Assyria an empii'e. Cyox- 
arcs, at the head of a vast army of Babylonians and Persians, 
captured Nineveh after a short siege, destroyed its walls and 
pahw'cs, and loft it what it has remained tn this day—a heap of 
ruins. Tho Assyrians, after the destruction of their capital, 
became subjects of Uio King of Babylon, and appear no more in 
history as an independent pcojilc. 

Tlio main cause of the utter disappoaranee of Nineveh is to be 
found in tho circumstance that the buildings were not erected 
of stone, but merely fiusod with it; and not always this, for their 
p.iJacos, iiublic buildings, and private dwellings were oreoled of 
Wicks mado of olay, mixed with chojipcd straw--in most cases 


ALTUonaii the purpose ortliese lessona is to ttioch drawing <'.f 
prooisoly the kind noeoss.'iry for stonemasons, still it is hoped 
that a brief sketch of tho history of masonry will not bo unac¬ 
ceptable. 

The art of building in stone is one of tho greatest anthioity, 
dating possibly frtim tho first human family. We find that 
wh^ Cain was driven by his sin to become a wanderer from his 
native place, and when a son had been vonchs.afod to him, he 

build^ a oity,” and called it, after tho name of his son, Bnoch 
(Hebrew, dedii'atwn). Wo have, of course, no data to give us 
tho slightest idea of tho extent of tho buildings which consti¬ 
tuted this primitivojcity, but, from the word used in tlie original, 
it is most^ probable that ijormanont structures of the form of 
eaves were erected. 

There can bo no donbt that from the moment when our first 
parents were driven from Eden to till tho ground and to 1 ibour, 
thay must havo folt the necessity for some place where their 
children might bo nmimred and protected from tho rt-ys of 
tho snn. 

The nmbrageons trees and tho skins of animals might at first 
have proved sufficient; but a better sholtor would at once have 
been suggested by holes in rocks or natural caves. These, 
however, oould not be found everywhere. What is more natural 
than that wooden huts should be erected, and that these, being 
perishable, should, when cireumstanoca allowed, be 8nperse<lGd 
by stone buildings. And thus tho trunks of trees, and beams 
laid across them, probably gave tho original ideas for the 
columns and arohitraves of the subsequoat erections in a more 
l<ennaneut nmterial. 

Amongel the eorltest nations of the world heaps of stones ware 
^suded os a memorial of some event, or as emblems of the 


dried in tho snn ; but, evidently, stone was not u general building 
j material, for in orocLing tho Tower of Babel we find the people 
I saying, “ Come, lot ns moke bricks, ami bum them thoroughly ” 
I (thus implying that tlwrowjh burning was not u-suall: ” and 
I tlicy bad brick for stone, and slime (I'Hiniiev) had tnoy for 
I mortar.” 

i Marble, alabaster, and kiln-bnmt bricks, somt tunes iiainted 
! and sometimes glazed, wore used by the A.^.syriaj.^ iii their prin- 
cipal buildings, but only in tin* wav of ornament. 'J’he whole of 
tho upper portions of the buihlings were of wood, and hence, 
i when the buildings were once deserted, the uiiper portions de- 
j cayod and foil in. The sun-burnt bricks, wliioh formed as it 
were the core of the walls, became earth again. Their support 
I thus being withdrawn from tlie slabs, tho ruins assumed the 
‘ appearance of mere natural heaps ormounds rising in tlie plain. 

' upon which grass grow and corn might be sown. And such have 
: been tho ruins of Nineveh for more than 2,000 years. 

Tho Assyrian palaces and luiblic buildings were erecteiJ in 
terraces thirty or forty feet above tho level of the surpminiiiig 
country. These platforms appear to have been ;-u|>i'nrteil by 
selid masonry of limestone. The Une of elevalum was lirokcu 
by flights of' steps or inclined ways, by which the ten iioo was 
rcoohod. “ Tho olijoct,” says Mr. Layard, ” of rivii-mg these groat 
platforms, whieh must have demanded scarcely les.s labour and 
expense than the superstructure they were dtstiic'd to snstiiu, 
was twofold •-to give to the royal or sacred edifices additional 

• Fatisauias, n Crook gcngmplieA who lived la the i-e«eud contitry. 
Ho wrote " Acoumta OriecieQ Dosdriptio," in whiuh he gives a very 
. mlnate ooooiiut of the topography of Greece, ami of lU buildiags and 
I mins ns seen by himself,. 




196 


THE TECHNICAL EDUCATOB. 


dignity grandeur, and to seonre, in a climate remarkable 
{ot its intense beat daring tlio eummer montba, aa much ooolneaa 
ae poeeible. In aomo cases, too, especially in tbe lowlands of 
Ba^Ionia, they may have served both aa a means of defence and 
to protect the buildings against the effoots of tiie innndationa to 
which that country is aubjeot.” Several of the alabaator sonlp< 
tnred slabs, and of tlie hnman-headod bulls bronghtfrom Ninev^, 
may now bo seen in the British Musenm, and copies of them 
form parts of the admirable reproductions in tho Ninoveh Court 
of tho Crystal Palace at Sydenham. 

The Egyptians seem not only to havo used gigantic masonry, 
but also to have hod tho power of working, carving, and polishing 
granite to a marvellous degree. A strange fact connected with 
their masonry seems to be, that tho whole work was executed 
with copper, or rather bronze tools, which scorn to havo answered 
their purpose bettor than oven our best or hardest steel. Such 
seems to have been the facility with which they worked this nn- 
traotable material that they were not content to cut and polish 
huge slabs and masses of granite, bat they covered them all 
over with tho most delicate and sharp-cut hieroglyphical in¬ 
scriptions. 

Mr. Owen Jones, to whom wo are indebted for the admirable 
reproductions in tho Egyptian Court at the Crystal Palace, says: 
“ Egyptian orobitooturo, or rather Egyptian art—for painting, 
sonlptnro, and architecture arc so intimately united that they 
are inseparable—is tbe parent of every otlior. Undoubtedly the 
most ancient, its remains are still tho most abundant. The 
Egyptians built for immortality, and obtained it. 'Whilst obe¬ 
dient to religious laws wliich limited the direction of their art, 
they combined tho highest sublimity of conception with the most 
refined and doliouto finish in uxeenrion.” 

Whilst they originated, tliey excelled at tho same time all 
that followed after j they are inferior only to thoraselves. In 
every other nation, art exhibits it-s progress in tho same phases, 
namely, a rapid ascent from its infancy to the culminating point 
of periootion, from which there is a slow, lingering decline; bnt 
in Egypt, the farther we go back tbe more perfect is tho art. 
We are not oven aegnainted with its culminating point, much 
loss with any trace of its infancy. In the moat perfect temples 
which have been disooverod thnro ni-e stones built in the walk, 
with hieroglyphics on the inner side, of a higher character of 
art than can bo found on existing monuments. These were 
evidently stones from ruins of more ancient bnildings. Two 
kinds of walling wore common in Egypt from the eorUust to tho 
latest period *—one formed of vast rectangular blocks of stono 
laid in parallol courses, tho other of snn-driod brick. Tho latter 
was used for walls of towns and sacred precincts, and occiisionolly 
for pyramids, but never for any jiart of a temple. 

The stone walk wore of prodigious thickness and tho blocks 
of gigantic size; but in the early Theban works we find little of 
that interlacing of the stonos, or bond, whioh is so essential to 
stability. This partly accounts for tho mined state of some of 
those tremendous masses—gigantic walk of tho most massive 
oonstruoiion, and absolutely rent asunder. Tho masonry of tho 
pyramids, however, appears to bo excellent. Unlike tho mi¬ 
gratory Pclasgi, to whom rcforonco has already boon made, tbe 
Egyptians soera to have used mortar from tho earliest ages. 
The blocks were also commonly "united by wooden dovctoilod 
cramps about a foot in length. 

Tbe columns ordinarily employed wore of such colossal dimen- 
eions that they wore neocasorily built u}> —each cylindrical layer 
being oomposed of Boveml stones. Tliey wore commonly con- 
Btruotod with blocks rougli-hown externally; the shaft was 
afterwards finished, and tho capital chiselled to the proposed 
design. A whole rongh-hown colonnade is still to bo seen in 
the isle of Fhilm. 

Walls appear to have been left rough till they received their 
sonhgtare, wid Hororlntnsf IritirontHS that a similar method 
was followed ot the Great Pyramid: having been carried ap 
to the full height, it was fiiiislicd off from the summit to tho 

Mr. George Godwin, in his admirable " History in Buins," 
says■‘*'The aiaet anrient structure remaining is tho Groat 
P^mid—<me of those mighty works wherein, as Ddnon says, 

- ♦ Watben's " Arts sad iji6<|t^tl4i of Egypt.” 

t Herodotus, a cetebiatsd Greek Mstonau bom at JSoIicttnunisiis ia 
484 »,c. aud died SOS me. 


men seem to measure themeelves with Nature. Herodotus, who 
visited Egypt about 450 years before tho Christian era (some say 
500), or more than 2,300 years ago, spoke even then with un¬ 
certainty as to its date. It is, however, usually ascribed to 
Suphis (or Cheops), who reigned soon after Menes, and may bo 
called 4,000 years old—Bunson says 5,000.” 

Herodotus says : “ The asoont of the pyramid was regularly 
graduated by what eomo call stops, and others altars. Having 
finished the first flight, they elevate tho stones by the aid of 
maohinos constructed of short pieces of wood; from the sooond 
by a similar engine to the third; and so on to the summit. The 
summit of tho pyramid was first of all finished; descending 
thence they regularly completed tho whole ’ ’—that is, they placed 
plates of stone slautingly from one step to the other, and so 
prodncod a uniformly slanting mass. 

The dimensions of tho Groat Pyramid have been differently 
stated, tho mounds of rubbish rendering it difiicult to obtain 
accurate moasiu’emonts. Those taken by Colonel 'Vyse’s oiiera- 
tions in 1837, probably nearest tho truth, are as follow:— 
Original base, 764 feet; actual base, 746 foot; original inclined 
height, 611 foot; actual pcriieudicular height, 450 foot. 

The original perpendicular height, therefore, supposing tho 
pyramid to havo boon carried up to a point, was about 4S0 feet, 
or 43 more than St. Peter's at Home, and 110 more thou St. 
Paul’s Cathedral, London. Tho area covered was almost 13i 
acres, bnt tho apjjroximate size of the mighty mass will bo better 
understood if it is described as a solid pile, tho hoso of which 
would occupy tho whole square of Lincoln’s Inn Fields, and the 
height of whioh would exceed that of St. Paul’s. Tlio stones 
employed in tho construction vary from five to tliirty foot in 
length, and from tliroo to four feot in height. 

According to Pliny,* 366,000 men wore employed on its erec¬ 
tion for twenty years, and Herodotus tells us that an inscrip¬ 
tion on tho exterior stated tho expense of providing them with 
radishes, onions, and garlic amounted to 1,600 talents of silver 
(J!345,000). Ten years wore employed in making tho road 
through which tho stones wore to bo dniwn, the quantity of whioh 
Colonel 'Fyso estimates at 3,316,000 tops. 

Thus thousands of enormous stones, aU accurately squared 
and adjusted, wore hero elevated to hundreds of foot above tho 
ground, and each was hnktod up stop by stop, until it rcaohed 
its bod. 

Tho pyramids, however, although they attest tho resolution 
of tho founders, reflect but little honour on the Egyptian nation. 
Ono can scarcely contemplate these strocturos wiihont the con¬ 
viction that they were the work of an enslaved and driven race. 
Such vast piles of moro atone and mortar could never have been 
reared in Greece or Borne. At tho Parthenon or at St. Peter’s 
you view tho result of tho labours of a multitndo of ingenious 
and thinking men, each ooutrihuting tho skill derived from a 
life devoted to his art; but in tho erection of the pyramids little 
else was required of the artificers than physical exortion and 
obedience to the toskmostors—^and, indeed, nothing was done 
for tho labourers which could elevate or educate them. All wo 
find in relation to the workmen is a record of the amount s^iont 
on onions for them ! 

How different this from tho prosont ago, when all civilised 
nations are vying with each other in tho promotion of tho in¬ 
struction, tho montal improvement, and social well-being of tho 
working olassos! 

Tho first material used by tho Greeks in their buftdings was 
timber. They tton employed brioks, the art of making which 
tliey learnt from the Egyptians; common stone followed next i 
and when tliey hod aooomplished the complete glories of tl^ir 
style, they adopted marble. Tho sort called Parian was tho most 
admired, bnt this was principally used in sculptare. Fausonias 
also tolls us that in the earlier times several temples were built 
of bromse. Stonos of immense size, after tho manner of tho 
Egyptians, were also used by the ancient Greeks, In later periods 
smaBer stones were used; those were of various forms, having in 
some oases four, and in others five or six sides, and were joined 
with the utmost care and nicety. 

As orohitectnre and other arts adrauoed, tho Oreebe used 
ouhicsl and oblong stones, with whioh they eonstrncted tbeii' 

* Coins Flinins Seenndns, a great Soman writer who lived in tUe 
first oentuiy. He was snffocat^ by the vapours caused by the erup- 
tioa of Mount Tesavius, A.C, 7Gt. 
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iraUs, Baya VitiUTiuB,* in two principal methoda—one called 
isodemum, in which all the connea were of an equal thiclmoaa; 
and ilio other pseudifodomon, in which they were all unequal. 
The first, or trae manner, woa always need in their grandcat 
buildingB, as being the moat beautifid; and the latter, or false 
method, whore beauty of appearance waa of leas conaeqnenoo. 

Another and still inferior mode of walling waa also used by 
the Groeka for works of leaaer oonseqnonao; this was called 
empleeton. The front ttones only of this manner were wrought, 
and the interior left rough and filled in with etonoa of variouB 
eizos or rubbish. This style woe principally used in walla of 
great thicknesa, euch os those aurrounding cities. In some 
instances the whlla were built of bricks or common stone, and 
faced with marble. 

Cement was seldom used by the Greeks in their best works, 
as the size and weight of the blocks and the great exactness with 
which they were squared were anfflcient for solidity, and of 
course mode more perfect and complete joints. 

The Greek architects of the beat period were judiciously careful 
that the ornamentation should in every case accord nut only with 
the purpose to which the building was to bo duvotod, but that 
it should bo appropriate to the situation in which it was to bo 
placed. Thus they never built a prison in the Corinthian (or 
most graceful aud highly decorated) style, nor a theatre in tte 
severe and solemn Doric. The external ornaments are bold and 
sparingly distributed, and as they are to be exposed to light, 
they stand out in high relief from the surface, so as to cast bold 
shadows. This is called alto-relief, whilst the system of oma> 
mentation used for loss exposed situations was that called bas- 
relief, in which the figures or objects project only partially from 
a flat surface, like a raised painting. Both of these stylos may 
bo studied from the model of the Parthenon, or T^ple of 
Minerva, at the Crystal Palace, in which the ornamental sculp¬ 
ture will be observed iu its place, whilst a portion of it is placed 
of the size of the originals along the walls of the gallery. The 
originals, called the Elgin Marbles, may bo soon in the British 
Museum. Amongst those will bo seen several figures—such as 
Theseus, Hercules, and Xlissus, a river god, which formed portions 
of the groups iu the pediment, or triangular portion surmounting 
the pdlars of the portico. These were absolutely separate from 
the background. (Figaros placed in this manner may bo seen 
in the pediment of the Boyal Exchange, which faces the Poultry, 
Ijondon.) The Elgin Marbles + olso comprise the celebrated 
Frieze—a broad horizontal band of scnlpturo which was placed 
around the outer wall of the ccUa, or prmcipal chambers of the 
temple, within the dloistur or covered walk which surrounded the 
building. This remarkable work represents the solemn proces¬ 
sion to tho temple of Minerva during the Panathenman festival, 
and has never been equalled for elegance of composition and the 
variety and graoefnlnoss of tho figures. It is executed in low 
relief, iu order to adapt it for its precise position; for as it was 
placed high up on a wall, in a narrow corridor, the lower port of the 
figures would, had they stood out in a high relief, have hidden tho 
upper from the vision of tho spectotor, who was precluded from 
stepping book to viow them at U. distanoo; and, further, the 
frieze, placed as it was within the colonnade, received its light 
from between the columns, and by reflection from below, and 
therefore fignros projecting far from tho background would 
have oast shadows in on uncertain or contradictory manner. 

This exquisite frieze peonpied slab after slab, a space of 52t 
feet in Jength. The rem^s of it in the British Museum, on 
slabs and fragments of marblo, are to the extent of 249 foot, 
besides 76 feet in xilaator casts. These sculptures wore designed 
by Phidias,t and wore executed by him, or under hiii snper- 
Tntendenco. 

The masonry of the Greeks was, as has been said, executed in 
the most bean^ul marble, the workmanship being worthy of tho 
costly material; the jointe, etc., being worked with tho most 
exquisite refinement and truth, whilst the artistic work has not 
boon surpassed inany sabsequant period. “ It seems difiionlt to 
believe,” says Mr. Ai^pitel, "that so enlightened a people were 


* Yitruvlus, a celebrated Bonum uehiteot, bom about 80 years b.c, 
(SM TaoBXicu, ’Emotaou, Tol. I., p. 99). 

tTbs Elgin Marbles were brenght from Greece by Thomas, seventh 
Esrl e( and purchased from him ly the nation tor the British 
Mnsenm In 1816 for the sum of £86,000. 
t Phidla^ a famous sculptor of Athens. Be died b.c. 482. 


ignorant of the use of tho aroh, especially as it is clear that it 
waa known not only to the Egyptbms, but was used iu Nineveh. 
However, no example of a Greek arch exists at this time as an 
arohiteotnnd feature, although for necessary pm^sea (os cover¬ 
ing drains) and concealed in the walls (as discharging arches) 
examples are to be fonnd in Greek works. It is probable that, 
ae they had plenty of marble in blocks of almost any size, they 
preferred to use it in horizontal bearings to working it into arched 
forms.” 


AGEICFLTURAL CHEMISTRY.—IX. 

BY CBAUnns A. CAMJSBOM, FH.D., K.D., 

Professor of Hygiene in tho Boyal College of Surgeons, Ireland, etc. 

CHAPTER IX.—PHOSPHATIC MANURES. 

The phosphatio manures employed chiefly in ffiese countries 
are bones, gnano, and Buperphosphate of limo; but tho manufac¬ 
turers of artificial manures employ os raw materials mrious 
muiorol and organic phosphates which tho farmer does not use 
directly for manurial parposos. 

Bonos consist of organic matter (chiefly gelatine), which is 
combustible, and mineral substances, which are iacombustible; 
they also iuoludo a cousidorablo amount of water. By boiling 
bones by far tho greater portion of their fatty constituents 
and a proportion of their gelatine are removed. When kept for 
some months after being boiled their composition is generally 
fonnd to bo nearly the following:—100 ports of dried boiled 


ox-bones contain— 

Moisture. 10 

Organic matter. 28 

Tricolcic phosphate (bone phosphate of lime) . 44 

Magnesic phosphate. 8 

Calcic carbonate. 4 

Alfcaliuo chlorides and sulphates ... 1 

Insoluble matters ...... 1 


lOO 

When tho bones ore fresh or ” groon ” they often contain 
nearly half their weight of water. It is always the more 
economical plan to buy tho very driest bones, oven if they are 
apparently very dear. Ox-boiios appear to bo better than sheep- 
bones, whilst the latter are considered superior to horse-bones, 
at least for manurial purposes. 

Tho amount of nitrogen in bones is considerable, and is 
Boinotimcs equivalent to nearly 5 per cent, of ammonia. On tho 
average, I have, however, found in oommorcial bone-dust only 
from 2'5 to 3'7 per cent, of nitrogen. During the decay of 
bones iu the soil tho nitrogen is chiefly converted into ammonia 
— fourteen parts of nitrogen uniting with three ports of 
hydrogen (which is also a constituent of bones) form seven¬ 
teen parts of ammonia. 

As fat is a useless addition to tho soil, bones shoidd bo 
boiled to deprive them of their grease; tho value of the fat 
should more than compensate for the cost of boiling tho bones. 
Tho liquid in whioh tho bones are boiled contains, after the 
removal of the fat from it, an important amount of nitro¬ 
genous matter; this liquid ^ould therefore be preserved, and 
added to tho manuie-hoap. 

Tho bones mot with in commerce arc often grossly adulterated 
with gypsum, coproUtes, sand, and marl; and 1 have found so 
mnoh as 50 per cent, of extraneous matter in bone-dust. ” Half¬ 
inch ” bones are loss liable to bo adulterated than quarter-inch ; 
whilst unbroken bones cannot readily be tampered with without 
detection. Large bones deposited in the soil remain there for 
very many years before they undergo complete decomposition. 
When thoy ore reduced to very small fragments, by moans of 
tho bone-mill, thoy are rendered for more active as a fertilising 
agent. Under any oiroumstanoos, however, bones etco a slowly- 
noting manure, and are best adapted for pastures, where fer¬ 
tilising matters need only bo slowly applied. Tho action of 
bones may be hastened by fermenting them before their appK- 
cation to tho soil. The bones should bo mixed with half them 
weight of earth, piled up iato a heap, and kept saturated with 
tho strongest liquid manure from tho house. In about three or 
four avoeks tho bones will be found thoroughly ^ fermente^ 
and their hard stmoture softened. The late dietingnished 
Bgrioulturist, Mr. Philip Puloy, whilom President of tho Boyal 
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Agricnltuiftl Society of England, employed fomented bones 
in gtoon eiop bosbondry mth remarkable saoceBs. He beUevod 
himself to bo the inventor of this method of treating bones, 
but in this respect ho was mistaken, as it was praotieod, thongh 
rarely, many years before his experiments were undertaken. 
Hones subjected to the aotion of high>pressnTo steam de- 
eompose much more readily, in the Roil than the finest bone- 
dust ; but stoamed bones are very rarely used as a manure. 

In Runth America the bones of oxen and other animals 
are burnt upon a very largo scale; and the incombustible 
residue is, under the name of bone-ash, largely exported to 
Europe, whore it is chiefly employed in the manufacture of 
artificial manures. This substance contains from 08 to 70 per 
cent, of tnoaloio phosphate, the average prcqwrtion being 71 per 
cent. The other ingredients are moisture, oaluio carbonate, 
alkaline salts, carbon, and insoluble earthy matters. Farmers 
very rarely use bone-ash os a manure jst se; but it is one of the 
commonest soaroce of phosphates used in the monufaoturo of 
suporphosphato of lime and other artificial manures. 

In tho chapter on guanos, I referred to those which oontain 
but a trace of nitrogen, and which are only valuable on account 
of their phosphates. Tho following table shows tho average 
oomposition of some of tho phosphatio guanos now in the 
market:— 


COMPOSITION FEB 100 PABTS OP FHOSPHATIC OUANO. 



ialttiide 

Mpjllorcs. 

Pacific 

Bowlnnil’i 

Island. 

Moisture . . . 

Otgsalo matter and ammo-1 

. 100 

y-o 

10*0 

7*6 

9-5 

l-l-O 

16*0 

80 

niocal salts . . i 


Containing nitrogen, equal 
to ammonia , 

1 (0'05) 

(trace) 

(0*30) 

(0*40) 

TricalGic phosphate 

73*0 

75*0 • 

40-0 

73*2 

Caloio sulphate (gypsum) 

30 

— 

— 

— 

Colcio carbonate (chalk) 

4*0 

— 

30*5 

— 

Alkaline salts . 

0*5 

5*5 

3*3 

2*5 

Insoluble'matters . 

0*5 

2-0 

2*7 

0*3 


1000 

100*0 

100*0 

100*0 


In the year 1840, Baron von Liebig, in his oolobrated work on 
“ Agrioultural Chemistry,” suggested that tho fertilising aotion 
of ^nes might be greatly hastened by treating with anlphuric 
acid. This admirable suggestion was shortly afterwords carried 
into effect by Mr. Lawes, of Uothampstoad ; and it has boon 
tho means of creating a now and extensive branch of manu- 
faoture in tboso oountrios and in other parts of the world—^I 
refer to the manufooture of superphosphate of limo, and other 
manures of the kind. As I have already explained, hones dis¬ 
solve slowly in the soil, because their oonstituonta arc in a 
hard and firmly coherent state, and in coarse fragments. By 
Liebig’s process the bone ingredients, but more esimciolly tbc 
phosphates, aro rendered soluble or pulpy, in which state 
they are readily dissolved by the solvents which are present 
in the soil, and presented in an assimilable condition to tho 
crops. 

Bones acted upon by aulphurio acid (oil of vitriol) oonstituto 
tho oommeroial article so familiarly known to agriculturists 
under the names of superphosphate of limo, and dissolved 
or vitrioUsed bones. I shall now explain the natnro of tho 
ohangoB which take place wheu bones are oonvortod into super- 
phosphate of limo. 

Trioaloic phosphate (familiarly known to farmers ns bone, or 
inBolnble phosphate of limo) is comp'.i8(*d of three chemical 
parts or atoms of tho metal calcium,* united with one atom 
of phosphorio acid. This compound is insoluble in pure water, 
hut it is sparingly soluble in water containing carbonic Bcid, 
ammoniacBl salts, and ovon common salt. Tho water which 
percol^s tho soil contains the various matters which enablo 
it to dissolvo trioaloic phosphate, and the finer the particles of 
the latter are tho more readily arc they taken up into solution. 
When two parte of sul]diuric acid aro poured upon one part 
of tricaloio phosphate, the latter parts with two of its atoms 
of calcium to the amd; the remaining atom of oalcinm and 
the atom of phoB^oiio acid constitute monooaloio phosphate, 

* Cticinm and oxygen in mdou epustiiute quick or homt hme 
(cslmo oxide), * ,, 


commonly termed biphosphato or aoid, phosphate of lime. 
The two atoms of caloium separated from the tricaloio phos¬ 
phate, and tho two atoms of solphurio ooid form two atoms 
of oaloio sulphate (gypsum, or piaster of Paris). 

Tricaloio phosplmto is insolablo in water, whilst monooaloio 
phosphate readily dissolves in that liquid; nevertheless, plants 
do not toko up monocaloio phosphate from the soil, for if they did 
it would act corrosively upon teoir tender tissues. Tho instant 
monooalcio phosphate is placed in the soil the oalcinm, which 
(as chalk) is invariably present in the latter if fertile, unites 
with the monocalcie phosphate, and converts it into tricalcic 
phosphate. What, thon, it may bo asked, is the utility of 
oonvorting insoluble phosphate into solublo phosphate, when 
the latter becomes again insoluble when placed in the soil? 
Simply that the bone phosphate may be got into the finest 
possible state of division. Tho most powerful mill only re¬ 
duces bones to a coarse and hard powder, hut the precipitated 
phosphate formed when solublo phosphate is deposited in the 
soil is as soft as jelly, and yields easily to tho action of tho 
solvents contained in the soil. Tricaloio phosphate contains— 


Lime.53*86 

Fhospborio acid.46*14 


100*00 

According to Berzelius, its composition when derived from 
bones is, after ignition— 

Lime.51*26 

Fhosplioiio acid.. 43*74 

100*00 

It requires 156 parts of tricalcio phosphate to produce 100 
ports of monocaloio phosphate. Every part of blphosphate of 
lime os a mauuro is equal to 1*56 parts of bone pkosphate made 
soluble. 

100 parts of boiled bones and 85 ports of brown oil of vitriol, 
thoroughly mixed, and allowed to remain for a month, usually 
have the following composition per 100 parts .*— 

Water.16*0 

Organic matter and combined water . . . 20*0 

Containing nitrogen, equal to ammonia , . (2*0) 

Biphospliate of lime.1B*0 

Equal to bone phosiibate made soluble by ooid (28*0) 

Fhosp^te of lime.8*0 

Sulphate of lime.35*0 

Alkaline salts.1*5 

Insoluble matters. ,1*5 

100*0 

This manure would bo rather daiqp, and should bo dried with 
peat-mould or fine olay. 

1 ton of bono-ash acted upon by 18 cwt. of brown sulphurio 
acid will prodneo about 38 per ount. of solublo (not Hplm- 
pliatn) phosphates. 

ITicre are several minerals which oontain large proportions 
of phosphorio ooid. Pluisphoi-ite is a white, hard stone, con¬ 
taining upwards of 70 per cent, of tho tricalcio phosphate. 'The 
white minoral termed apaUU is a compound of tliree atoms of 
tricalcio phosphate with one of calcic chloride and one of 
oaloio fluoride; tho green mineral termed moroteite has a 
siinilar comi>osition. The brown pebbles found in large 
quantities in various places in the east of England, andl'termed 
coprolitos (from the erroneous idea that they were the fos¬ 
silised excreta of extinct species of animals), consist of from 
50 to 60 per oont. of earthy phosphates, mixed with oaleios 
oorbonato and fluoride, and insoluble earthy matters. - Enor¬ 
mous quantities of coprolites have been raised in England 
during the last thirty years, and their use has tended greatly 
! to eoouomise tho production of superphosphate of limo. Phos- 
j phate of aluminium is likely to be soon largely employed in 
I tho preparation of artificial manures. Mr. Spenoo, of Man- 
] Chester, has recently patented a process whereby he proposes 
to convert tho alumina in tho phosphate into ^um, and its 
phosphorio acid into suporphosphato limo. I hare examined 
the nativo phosphate of aluminium which Mr. Spenoo proposes 
to use in his process, 1 find that it oontains phosphorio 
acid equal to nearly 70 per oent. of trioaloic phosphate. 

Mteeral superphosphate is prepared by pouring Bnlphurie 
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aoid (apeciflo graTity 1'6 to 1'7) on phoaphorite or coproliteR. 
Tho pLtoaphato of calcinm in snob minerals os coprolitos is 
Qseless; it shouldi tbetoforo, be wholly oonvorted into soluble 
phosphate, ho that not the slightest portion of insoluble phos¬ 
phate should remain. For every per cent, of chalk in tho 
ooprolites, 1 per cent, of sulphurio acid (speoifio gravity 
1‘7) should bo used; and for every 10 per cent, of eartiiy 
phosphate, 8 ]>er cent, of acid. As doloterions fumes are 
given olf during tho mixture, the process is couductud-in a 
close chamber, provided with a flue to convoy tho gases and 
vapours into a chimney. Tho cojirolitos arc ground into a 
powder beforo being used, and tbo iinei' the powder is the more 
readily dues it yield to the action of tlio aoid. IVbon tlio 
superphosphate is mode it is always found in a hard mass, and 
it must bo broken up by a pick or spado. In manure factories 
there is a niaeliine called a disintegrator used fur this purpose. 
On n small scale, coprolito or bone snperi’hospbato may bo 
made in a wooden tank, lU feet long, 5 foot wide, and 2 feet 
deep. To protoot the wood from tho action of tho acid, tho 
inside of the tank should ho coated with pitch. 

Although tho price of su]>ari>hosphato of lime is generally 
about £1 per ton, tho composition of tho article varicH con¬ 
siderably, some specimens being nearly twice as valuable as 
others. It is necessary, therefore, tliat tho farmer shonld never 
purchase snporphosphate of lime, or any other kind of artificial 
manure, without receiving a guaranteed analysis, showing its 
composition. A good bone superphosphate should inoludo from 
22 to 2C per cent, of soluble phosphatos (bone phosphate made 
soluble) to 14 per cent, of insoluble phosphates, and from 1'2 
to 2 per cent, of ammonia. A mineral snpoTphosphato shonld 
include from 2C to 35 per cent, of soluble phosphates; any 
insoluble phosphate which it may contain being considered 
worthless. 

In purchasing a manure tho farmer has to consider the 
oheapost sources from which ho can obtain soluble phosphates, 
insoluble phosphates, and ammonia. I have drawn up tho 
following table of the money value of tho dilFerent ingrodionts 
of manures, founded upon the prices at which they may bo 
obtained at present from tho cheapest sources 


MONEY VAMIEB OE THE CONSTITUENTS OP MANURES. 


Per tom 


Ammonia. 

Biphosphate of lime* .... 
Phospliato of lime .... 
Sulphate of limo ..... 
AlkaJino salts (soda and potash compound 

mixed) . 

Potash salts. 

Orgauic matter. 


. £K0 0 0 

. no 0 0 
, 10 0 0 
. 1 10 0 

3 0 0 

. 10 0 0 
. 0 10 0 


Eeeently manufacturers have not been able to obtain snliihato 
of ammonia under .£16 to £18 per ton. This salt eontains 
25 per cent, of real ammoni.a; and, thonjfore, in it tho farmers 
may puroha.so ammonia at the retail price of .£80 per ton. 

*• Biphosphate of lime is of cijnal value to tho farmer, whether 
prepared from bones, bone-osh, or coprolitos. It cannot, how¬ 
ever, bo prodnood ns cheaply from guano or bones as from 

C inerals; but that is a matter which conoorns the pi-odnccr 
id not the consumer of soluble phosphates. The manufacturer 
eon procure phosphate of calcinm at £C per ton in ooprolites; 
whoroaf^ it costs him £8 10s. per ton in bones (allowing for 
the value of their other ingredients), and £9 15s. per ton in 
phosphatio guanos. But why make soluble phosphates from 
phones or guano ? Bone-soluble phosphate is precisely the same 
thing as coprolito-soluble phosphate; no chemist could dis¬ 
cover the slightest difforeucc between them, for there is none. 
Therefore, in even tho so-callod bone superphosphate, tho 
biphosphate should be derived from a mineral source; whilst 
the insoluble phosphates should bo in tho form of bone-dust, 
or soft guano. 

Tho farmers can purchase insoluble phosphates in bones or 
bone-ash, at about £10 per ton; but if they buy phosphatio 
guanos, they pay from £13 to £15 per ton for tho phosphates 
which they contain. Although guano phosphates are soft, and 


* I give tliose compounds the namos by which they are familiarly 
hnowa to agridnltnrists. Their strictly soientlBo designations have 
•Inody lioen explained. 


probably dissolve pretty readily in the solvents in tho soil, I 
consider the price at which they are at present sold beyond 
their real value; and farmers would act vrisoly if they bought 
their ammonia in the form of sulphate of ammonia, their 
soluble phosphates as a mineral superphosphate, oontaining 3U 
per cent, of biphosphate, and their insoluble phosphates in tbo 
foiTU of bones or bono-afh. 1 cwt. of sulphate of ammonia, 
4 cwt. of the finest bone-dust or fermented bones, and 15 cwt. 
of ooncentratod minemi snporphoHphate woold form a compound 
containing 2 per cent, of ammonia, 23 per cent, of soluble 
phosphates, and 10 per cent, of bone phosphate, and costing 
less than £7 per ton. 

A simple way in valuing a manure is to regard the 100 parts 
in tho analysis as 100 tons. The amount of each ingredient is 
mnltipUod by tlio price per ton ; all tlio products added together 
give tho value of 100 tons; tho result divided by 100 gives 
the value of 1 ton. Suppose a manure eontains 1 per cent, of 
ammonia, 20 per cent, of biphosphate of lime, and 5'5 per 
cunt, of phosphate of lime ; then 

1 ton of aimnonin, at £80 . 

30 tons of biphosjihate, at £30 

5'S tons of phosphate of lime, at £10, 


Divided by 100, this gives per ton £7 7 0 


BUILDING CONSTRUCTION.—XLX. 

STAIECASES. 

In onr lessons on “Building Construction” we have touched 
on tho methods nsnnlly adopted in the stmeture of walls and 
roofs, and tho formation of every important part of a building, 
and wo now come to staircases, by which we obtain tho means 
of ascending and descending with case and rcadiuoss from one 
floor of a building to another. 

Tho rudiments of the staircase are to be found in tho oom* 
mon ladder, formed of two parallel lengths of wood or a fir-tree 
sawn in half, connected by horizontal bars of wood or “ mngs,” 
from a foot to eighteen inches in length, and it may be 
remarked ttiat nothing more than a ladder is frequently used 
even now for reaching a bay-loft or harnoss-room from the 
stable or coach-house below. When it was found that it was 
inconvenient and indeed almost impossible to ascend tlie ladder 
without grasping its sides by the hands, broad pieces of timber 
were sabstitated for tbo sides of tho ladder, into which other 
broad pieces wore irtserlcd at a certain angle, eo ns to present a 
level surface when Itio whole contrivance was reared against a 
wall. 'ITiis next stop in the formation of a staircase may bo 
rcatlily recognised iu tho “ steps ” found in almost every house¬ 
hold, and used for elenniiig window.s. walls, and a variety of 
other purposes. Tho transition from this to immovable flights 
of stairs, sncli os are now used in houses and buildings of every 
description, can ho easily traced, and it is only necessary to 
point out that the stainwise in course of time developed into an 
architectural feature of great beauty, as may bo seen in mamy 
of OUT old English mansions and public buildings. 

Tho constrnetion of staircases is considered the highest 
branch of joinery, and iho diawing connected with them re¬ 
quires muoh attention. 

Staircases may be divided into—(1) Geometrical, or such as 
are supported by or ngiiinst a wall; (2) Bracket stairs, or sneh 
as are built in an oiumiiig or well, with strings and newels, 
and are snpporied by landings and carriages, the brackets 
mitreing to tbo end of each riser; (3) Dog-logged stairs, which 
have no wcll-holo, the hand-rail of the progressive and tho 
retrogressive flights falling in tlie same voitical plane. 

Tho steps are fixeil to siriaps, iieicri.s, and furriaoi's; and 
ends of tho steps of tho inferior kinds terminate only in tho side 
of tho string, without any “ housing." 

Fig. 182 is the plan, and Fig, 183 is tho sectional elevation of 
a dog-leggod stairoasiS, with two-quarter winders—tliat is, tho 
two spaces at A and b, instead of being used as a landing, arc 
divi<Jod into winding steps. In the plan, a is tho seat of tho 
lower newel, and g is the seat of tlic n)>per newel. The dotted 
lino represents the faces df the risers—that is, tho upright 
portion of tho steps; and the full lines are tho plans of the 


£ s. d, 
. 80 0 0 
. 000 0 0 
. 5S 0 0 


£705 0 0 
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Borfftoea of the eicpa, called the “ tread.” Tlie edges of the quarter-paces, half-paoes, one-quarter winders, or two-quarter 
ateps are termed “ nosings.” winders. 

Li the elevation, a is the lower and B the npper newel. The In drawing this example, or others of a 'similar oharaoter, 

upper part of eooh is generally turned, but is here, for sim- having drawn the rectangle, which is the plan of the well iu 

plicity, rendered necessary by the small size of the illustration, which the staircase is to be built, divide it lon^tudinelly into 
drawn os if square, c and D are the lower and upper string- two equal ports; on each side of the dividing line set off half 
board, framed into the newel. the width of newels and hand-rail. This will leave the spaoe 

Jn the setting out of staircases a storey rod, k s, is used. This ! on each side which is to be occupied by the stairs, 

is a very necessary article, and consists of a rod or rule, of the j Draw lines a 1, 2, 3, 4, 5, 6, 7; produce line 7 across the 



gross height of the complete storey, or from the upper surface of width of the balus^, and prince the lino of the baluster 
the boards of the one floor to the under surface of those of the until it roaches D; fle newel will then oocupy the right angle 
other. It is divided into as many equal parts as there are to formed at g. Complete the plan of the newe^ and produce the 
be risers, and from those the heights of the steps are to bo line of its face to b. ^ 

gauged. In the oonstnietion of dog-Icgged stoiFoasee, the first It will be seen that x A is equal to the length of the stairs, 
is to take the dimensions of the stair and the height of and that this is the case with d b ; but that A b and B 7 are 
the storey, and to lay down a plan and seotian, representing all inareased beyond a square by the addition of the thickness of 
the newels and steps, upon a floor, to the full size, or certainly j the newel g, Thia will be iflearly understood on referring to 
to aa large a scale aa possible. Tlien the situations of the the drawing. 

carriages, pitohing-pieoes, long-bearers, and cross-bearers will j ITow divide this reotairgle into the number of equal parts 
be asoertainod, aa ^so string-boards; and the quantity of | required for the windera, and draw the edges of these radiatuig 
Xoagu required by the stairs at nin# inches tread and six iu^es from the angles of the newel. SVom E set off the npper flight 
xisci, as the ease may be, will determine whether there are to be i of etuis, and thus complete the plan. 
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In eommonoing the elevation draw*a 
ground-line, and project the line of the 
wall from A B in the plan. Draw the \&' 

atorey-rod, s R, and aet off on it the \ 

heighte required by the etepe, and draw jX 

faoriaontols from each of these points 
intereoot these by perpendioalam drawn i 

from 1, 2, 3, 4, 6, 6, 7 in the plan, and \ ^ ii; 

the points obtainod by the int^ootionB I 

of these two sots of Unes will give the j Ii’ 

edges of the stairs in the elevation. It i ii| 

will bo seen that the points for tlio i 111 

winders are obtainod by drawing per- i iii 

pendiculors from the points where tho \ |ii 

edges of the winders in the plan cut tho i ' iii 

waU. IM \ III 

Next project the lower and upijor '00', [ i!j 

newels, A and u, from a and g in Uio ' ; i;! 

plan, and it will bo soon that tho lines ->—-! ! |i| 

of the hand-rail and string-bo.ird are |\ tM jlj 

parallel with a line drawn touching the | ‘i^'TijV i'j 

edges of tho stairs. Having drawn | 

those, tho are forming tho uudcruuath E 

lino of the winders will compluto the | !j! ^ 

figure. I III ||j 

Fig. 184 is tho plan and Fig. ISS is a fi ■ ji I 

ecotion on tho line a B of a staircase, r — — ' H -rfi-jTi 

with landing at half tho height of the I i j | i| 

flight, and a narrow well between tho i I ■! j j 

ends of the stairs. Tho landing rests ^ ]- Ii ■ 

on three joists, a, a, a, which are stiffonud \ i 

by the cross-pieces, h, b. _-!..i/.-Ij i 

The balusters and hand-rails are omit- | i 

ted in tho section in order .that tho |// 

drawing may be rendered os simple as r/. '( 

possible. [ 

This study is to bo worked on tho I ■ ■ 

same system as the last, tlio ecotion 

being projected from the plan. Tt will bo seen from the plan 
that the string-lioard turns at the end in the form of a semi- 
oirolo; but although it turns round a semicircle, it must 




be remembered that it is at the same 
time ri$ing to the next flight, and tho 
curve it thus forms in the sectional ele¬ 
vation is a portion of a helix. In a 
Fig. 186. drawing of the size of the example this 

’ curve might be drawn by the eye, but 

the power of doing this must be aoqnixod 
\Sv by studying tho true construotion of the 

V>v curve on a larger scale. 

For the oonstmetion of the helix 

\ _.lSc curve on which this figure is based, tho 

** ” I \ student is referred to lessons on “ Tto- 

I i joction.” 

' '0'//;, Fig. 186 represents tho plan and ele- 

I '"j/k0 vatlon of the portion of the string-board 

j under consideration, projected on a 

plane parallel to the stops in tho ex- 
i ''py/r. ample (Fig. 184). ■ 

Having drawn the outer semicircle, 

; Y'y’ a h, and tho inner semicircle, a' b', divido 

■ -0}^,;' either into any number of equal parts, 

i jZ/yY i and draw radii; divide the height which 

'■'H0 I. the curve is to ascend into the some 

V-. '0y'. * number of equal xmrta, and draw hori- 

Xf"'-''- zontals. 

■ i Draw perpendioulars from the ex- 

■ Y ■pir;/-;;' tromities of tho radii, and their inter- 

i section with the horizontals will pve 

i points through which tho holioea 

representing tho winding round a semi- 
; i i circular space will be dovcloiied. 

i / i -Fig. 187 is tlie plan and Fig. 188 is 

i i!.'' the elevation of a winding stairoase witli 

^S/i! \\fiL___-J solid central newel. In tho plan, the 

" • dotted linos represent tlio plans of the 

I.-j- risers, and from these, therefore, the 

*-^ perpendicular edges of tho stairs must bo 

projected; whilst the nosings of the steps 
are to bo projected from the full lines in the plan. The student 
who has worked tho previous figures will not, it is presumed, 
require any further instructions in drawing this subject. 


1 'yy'''.-' 
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SAOTTARY ENGINEERING.—IV. 

PRIVATE GAS-WOBKB. 

In <rar previous papers we have giTon some account of tlio 
method of gaa manufacture for public oomponies—the compara¬ 
tive merits of different descriptions of burners—and in the last, 
on Photometry, of the manner in which comparison was insti¬ 
tuted between various methods and materials for lighting pur¬ 
poses ; quoting a few figures which clearly showed that gois 
was the cheapest of all. On its first introduction, at the bugin- 
ing of the present centniy, all gas-works were private, as thcro 
wore no public oomponies; and now, after the lapse of a genera¬ 
tion, the idea appears to be dawning upon the public mind, and 
to be generally rooeivod, that where the demand is suiHciunt in 
amount, and the other requisite facilities exist as to room, con¬ 
venience, administration, etc., it is cheaper to n%alce your own, yas 
than to purohaae it of a company. The process is in any case 
^0 same as generally dosoribod in our first paper upon the 
subject, and many engineering firms liavo recently turned their 
attention to tho subject, with the view of producing sots of 
apparatus for the manufacture of gas in comparatively small 
quantities, as required for warehouses, for private mansions, 
or even for dwelling-houses. One firm alone has fi.tted up more 
than 600 sets of gas apparatus in various parts of the United 
Kingdom, and we propose to give tho detail of ono or two of 
those arrangements. Ono of tho leading questions bearing upon 
the snbjoot is, of course, that of price. Take London as an 
inetanee: Ss. 6d. per 1,000 cubic feet is an ordinary prioo for 
gas, and we may say without fear of contradiction, that it has 
been aeoertainod by ropooted experiment, that under nil ordinary 
oiraumstanoes tho cost of tho gas thus supplied, as far as tho 
manufacture pure and simple is concoruod, does not exceed 2s. 6d., 
thus leaving a margin of nearly 30 per cent, in favour of tho 
man who makes his own gas. Whero is the difteronoo ? In tho 
immense outlay of capital already incurred by many of thu 
oompaniea in the oarlior and less cxporioncod stages of their 
existenoe, before tho subject was so well understood as it is 
at the present time; in tho largo and expensive staff required for 
working and coUooting; and above all, in the fearful por-coutago 
of waste by leakage, oondensation, etc., necessarily incurred in 
forcing tho gas tlirough lengths of piping of various sizes, 
extending over many miles of ground. Tho actual value of 
this last item is usually roughly calculated at 20 per cent.— 
that being tho figure usually accepted—but probably a much 
larger figure would be nearer tho truth. 

In many oonutry districts thoro is no public gas company 
within reach, and here the advantage, whore the consumption 
warrants the neoesaary expenditure, of tho erection of priratij 
gas-works is of oourse incontestable. Noblemen and gcntlo- 
tnen throughout the country are beginning to appreciate tho 
advantage of tho system, and wo may instaueo some country 
scats of tho highest class, where private gas-works arc at tho 
present time in course of erection or just completed: Bayham 
Abbey, for tho Marquis of Camden, in tho neighbourhood of 
Hawkfanrst in Kent; Cliveden, the scat of the Marquis of 
'Wostmiuster, situate within a short distonoe of Maidenhead; 
Madresfield Court, near Worocator. for Earl Beanohamp; and the 
Grange, Alresford, for Lord Ashburton. Indeed, wo have no 
doubt that in tho course of n few years no country seat of any 
magnitude will be witiiout its own gas-works, tho advantages of 
economy and oonveniouco being inoontostable. 

Coal is by no means the only material avaUablo for tho manii- 
&cturo of gas, though, of course, it is the most ootniuonly em¬ 
ployed. Peat has boon utilised for tbe purpose, and by means of 
proper apparatus spooially constructed, a gas of tolorablu illnnii- 
nating power has boon obtained. In ISovaria, Professor Pethen- 
kofer has introduced a process for tho re-distillation of turf-tar, 
which has boon extensively adopted; and in some parts of 
France, tho refuse of manufactories, treated chemically with 
acid, bM been profitably oraployod for tho same purpose, thus 
utiliiidug a matotial which had been previously conside^ utterly 
without value. 

Petroleum is also a loacung material among those from which 
gas may be made; the necessary apparatus being provided, gas 
can bo made from it which possesses about three times the illnmi- 
nating power of ordinary coal-gas, its cost, however, being greater 
in somewhat a like proportion j a sjjociol adaptation of barnors, 
•to-i is reqoirod for the eonsomption of these highly illiuninating> 


hydro-carbon gases, as if burnt by means of the ordinary 
media oonsidonible waste is the resnlt. Wo-have heard of gas 
obtained from sonio of those oils which has a lighting power ex¬ 
pressed by 30 candles, the gas of ordinary consumption being of 
about 15 candle-power. A reference to our paper on Photometry 
wiU exidoin what these figures moan, and how the results are 
ascertained and tabulate<l. Although these results have been 
oxporimontally obtained, commercially the question has not 
yet assumed sufiiciont practical development for us to recom¬ 
mend with confidence the adoption of this oomparatively new 
process. 

And now to givo some idea of tho facility that exists for tho 
inanufacturo of gas by private firms : wo may say that a com¬ 
plete sot of gas apx>aTatn8 may be {>rocnred for £50, which will 
supply the ordinary quantity required for 10 to 15 lights; they 
are made portable, of iron of course, and cau bo fixed in a space 
not oxocodiiig 100 feot snporfioial, or 10 feet square. Tho 
first portion is tho retort in which tho coal is burnt, in a 
small apparatus like that in question producing about 40 cubic 
feet of gas from each cliarge. Iron oases, furnace-doors, shift¬ 
ing lid-s, hoops, etc., are all included; and tho interior of tho 
rotert is generally lined with what are technically ooUod fire- 
lumps—t.fi., bricks of a nature that will resist tho action of 
intense heat, and which can bo procured ready moulded to any 
required form. The next process is tho condensing, washing, 
and purifying, tho same for small quantities as for large, and 
all effected in a combined apparatus spooially designed for the 
purpose. Tho last requirement is tho little gas-holder, to con¬ 
tain from 100 to l.'iO cubic feet of gas, which is made of wrought 
plato-iron, provided with its small columns, balance weight, oto., 
as complete in its way os the huge go-s-holders that form tho 
distinguishing feature of all gas-works as seen from a distance. 

Tho practical dilHcalty with these very small sets of appa¬ 
ratus is, of course, tho attendance. If thu proprietor have suffi¬ 
cient scientific knowledge to instruct a servant to attend to 
them, in which case ho must thoroughly understand tho detail 
of each portion himself, they may probably bo introduced with 
advantage; but if this is not tho case, os for so small a consump¬ 
tion it is not worth while to employ an engineer, probably 
tho best course would be, if gas is so accessible, to obtoin it from 
a public company. We have only described this very small 
apparatus in order to show into what detail it is possible to go 
upon the question. 

The limit, wo take it, of tho point at which it becomes desir¬ 
able from a commercial point of view to introduce private 
works, is tliat where the consumption is sufficient to warrant 
tho engagement of ono competent man who thoroughly under¬ 
stands tho i)roco8S, and can toko oiitiro charge of tho gas-works ; 
and to givo on idea of the outlay required, wo subjoin somewhat 
in detail the requirement for the supply of 1,000 burners for 
8 hours ; this wo take to be about tho limit probably necessary 
for a very large manufactory. Wo may mention that the details 
aro taken from a specification that has been aotually carried 
out; tbo portions resolve tbomsclvos, of coarse, os before^ 
under the heads of (1) thh retort, (2) tho pnrifior, (3) the gas¬ 
holder. The cost of tho whole, inolnding packing-cases, but ex¬ 
clusive of fixing, delivered in any part of England, may be token 
at j;i,200. 

1. TJu; rc/ori, consisting of 18 cast-iron B-sbaped retorts, each 
7 feot long, 14"xl2", mmithpiocea and lids for ditto; oars, 
cross-bars, and T-scrows as required; 4 furnaces, of *12 bars 
each; furnace-doors, frames, etc., as required; 4 evaporating 
t)ans, sigh-boxos and covers; hydraulio main, 14" diameter; 
usconsiou-pipos or stand-pipes and flange dip-pipes; tar-pipes, 
to cistern. 

2. TJio purifier, —Patent combined apparatus—Bower’s in 
this case, though there are several others, forming in one 
vessel the condenser and scrubber; with 4 dry-lime purifiers : 
centre chorgo-volvo and a doable bypass-valve; 6 tiers of 
cast-iron sioves on wronght-iron T-bara; 5 wronght-iron lids, 
air-plugs, eyes and keeps; syphon boxes, cleaning doors; 
water spreader, etc. etc; small travelling orab, on girders', for 
moving various parts of apparatus. 

3. The gasholder, 50 feet diameter by 15 feet deep at the 
sides, to contain 30,000 cnbic feot; tho crown of 15, the sides 
of 16 gauge thickness (tlffii alludes to the ordinary method of 
measuring the thickness of sheet iron—^vis., what is called the 
Birmingl^ wire gauge); and 6 cast-iron guide oolunna. 
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tTOBoed girders, foundation plates, and all othor necessary appur¬ 
tenances. 

It would, of oouTse, be possible to describe oil those matters 
in oomplote detail, but that would be beyond the limits of the 
spooo at our command, our object being only to givd- one or 
two instanoos of the way in which the commercial question has 
been elaborated, and the facility that exists of obtaining a 
complete set of apparatus for private gas-works. Wo should 
state, however, that the price quoted for the last sot of apparatus 
includes no provision for sotting or building work, but only 
expresses the first cost of tho items to bo procimjd; all those 
additional matters of expense will, tlxereforo, bo regniited by 
locality and similar circuinstanoes; and it is of tho utmost 
importance that any undertaking of tho magnitude of that 
last described should bo carried out under the supurintendoneo 
of a thoroughly competent and responsible engineer: as other¬ 
wise disappointment and failure will be the almost inovilablo 
result. 

Tho two examples quoted may bo taken as tho extromo sizes, 
small and large, of private gas-works, tho smaller being almost 
of an experimental character, and perhaps too diminutive for 
practical use; while tho larger size has sufficient power to supply 
tho gas required for publio use in a town of from 2,000 to 3,000 
inhabitants. 

For private gas-works, strictly so called—t.c., thoso attached 
to a mansion or a warehouse—^perhaps 100 lights is a good 
average size to take, and without going again into the detail of tho 
various appliances required, which vary only in size and capacity 
from thoso already described, wo may say generally that tho 
expense of such an apparatus, cxclnsivo of brickwork and fixing, 
may be taken at .£300. When attached to u gentleman’s resi- 
donuo, the course usually taken is for the engineer who erects 
them to instruct one or more of tho servants connected with 
the establishment— e.g., a labourer or an nnder-gardencr—in 
tho details of tlio daily working; any question of constraction 
or repairs being referred to tbe engineer. The price of tho gas 
is regulated by tho prioo of coals, and this by tho district in 
which the house hapixcns to be situated; tho 2s. 6d. per thousand 
onbio feet quoted above should perhaps bo taken as a minimum. 

Qood gas can bo mode from grease and kitchen waste, and a 
practical gas engineer of our acquaintance has lighted hi.s own 
rosidonco with gas made from these materials; but tho scientific 
knowledge requisite for their successful manipulation being pro¬ 
bably beyond the reach of tho major portion of tho public, wo 
dismiss tho matter with this passing nutioo. 


MINING AND QUARRYING.—VII. 

BY GEOBOE CIADSTONE, F.C.8. 

IRON. 

aFNSRA.L DlFPT78tON OP THE ORE — PRINCIPAL CENTRES 
OF WORKS — DIFFERENT KINDS OF ORE—ASBAYl.NO— 
ANALYSIS. 

No metal is so nnivorsally diffused in Nature, and that loo in 
such abundant quantity, as iron, niie is equally true when 
applied to almost every country of tho globe, but it is our pur¬ 
pose hero to confine our attention more particularly to tho British 
Isles, and to those deposits within our borders which ivre of chief 
commercml value. At tho present time (we do not wish to 
assert that it will always be so) many rich ores are practically 
valueless because they are nnfavouiubly situated for reduction, 
•and thus cannot compote with inferior ores wliioh ore :a tho 
immediate neighbourhood of tho smelting works. 

Tho low piioe of pig-iron, considering tho quantity of mr.torial 
(ore, fuel, and limestone) required for its production, limits the 
ixado almost entirely to those districts whore all these throe 
ingredients are abundant and cheap. There arc some parts of 
tho country, which will bo spoken of presently, where iron-works 
are erected on ethor than Carboniferous strata; but this is an 
exception to the general rule, and even there they are favourably 
situated for bringing tiio fuel to the works at a very low price. 
There are, too, some large deposits of ore which ore worked, and 
sent elsewhere to be smelted; but this can only bo done 
Advantageously in a few instances whew tlio ore is rich and tho 
oust of carriage is low. 

Weald of Sussex, for instance, contains a great deal of 


iron oro, and some 200 years ago or more it used to be smelted 
there; but the cirenmstanoos of tho trade have altered so much 
that it cannot be done now. At that time tho fuel employed 
was wood oharcool, but timber is now much too valnable to be 
used for such pnriiascs, and the iron in those days was many 
times a-s dear as it is at present. Were tho attempt made to 
revive tho trade by using coal or coke, tho cost of the fuel alone, 
burdened with a heavy carriage, would exceed the value of the 
iron produced. 

Tho supply of ores is so prodigious that no fear can be outer- 
taiuod of a faHing off, for centuries to como, which could affect 
tho price of iron so as to render remunerative again works 
situated so nnfavonmbly for economical working. 

Lot us consider some of the principal sourcea of supply, taking 
thorn according to their geogro])hical distribution. 

A very remarkable one, both for its extent and its novelty, ia tho 
Cleveland district of Yorkshire. It is only within the last twenty- 
five years that blast-fnmncos have boon erected for smelting 
these ores upon tho spot—th'e commoncoment of an immonso 
trade. The rock here belongs to tho Lias formation. The “ main 
scam,” os it is termed, extends over an area of about 420 squaro 
miles, and varies in thickness in different parts from 3 to 18 
foot. This one scam is estimated to contain nearly 5,000,000,000 
tons of iron oro. In addition to this there is the “top soam," 
wliioli covers a lessor area, having in many ports been carriud 
away by doinidation, and which is very irregular in thiokness, 
varying from a few inches to 10 foot. Those two scams consist 
of an earthy carbonate of iron, yielding from 10 to 30 iwr cent, 
of metal, but affording by their external appearance no indication 
of their mineral wealth, 'i'ho oro rather resembles burdened 
clay, and contains tho impressions of numerous shells, princi¬ 
pally pecten and avieula, by which names different poisons of 
the main seam arc distinguished. Tho ores of low per-contoge 
aro neglected, as tho supply of tho richer is practically inex¬ 
haustible. There is also a still more limited but very valuable 
deposit, which is a magnetic oxide of iron, ooniaining from 45 to 
50 per cent, of metal. These ores ore mined very much ia the 
same way as a thick seam of cool would be. Headways ore 
driven, 9 foot wide and 90 feet apart, from whioh, at intervals of 
30 feet, “ boards” aro excavated 15 foot wide. By this system 
pillars are loft, 90 feet long by 30 wide. ‘Whoii it becomes 
necessary to work tho pillars, tboy aro removed witlt a loss of 
only about 10 per ooiit. of thoir contents. 

Another region, which was the scone of a great revolution in 
tho iron trade in the early part of this century, ia the iron 
district of Scotland which lies south of the Clyde. The coal¬ 
field of Ayj'shiro and Lanark contains a layer of ironstone, 
known, on account of its dwk colour, by tho name of “ black 
band,” which posspase-s most singular advantages for its econo¬ 
mical working. It za a carbonate of iron, rich in metal, but 
containing also about 9 per coat, of coaly matter. Tho crude 
ore contains from 37 to 40 per cent, of iron, and tho prcsoiioo of 
coal in the ore enables the preliminary operation of roasting to 
bo done without the addition of other fuel. Since the discovery 
of this oro the smelting of iron in Scotland has attained aa 
enormous d(!velopment, and tho jirico of pig-iron has been very 
greatly reduced through the competition of the Scotch smelters. 

In South Wales tho beds of cool ai-c almost always associated 
with bands of ironstone, and, accordingly, almost tlio whole of 
that large coal-field is studdoil with iron-works. It is the great 
oentro for ttio m.aniifa«!tnro of railway bars, whioh are shipped 
at the ports in the Bristol Clianiiel to all quarters of the globe. 
Thb ore here consists mainly of on argillaceous carbonate, to 
which the general term of rlay-band is given, though each layer 
of importance has its specific name. They arc generally thin, 
but numerous, and coiilaiu about 25 to 30 per cent, of metal, 
with a largo admixturo of aarthy matter, whioh gives thorn much 
of tho appearance and colour of hardened clay. On account of 
this earthy admixture some of the richer ores, which will bo 
spoken of presently, arc often imported to mix with them, in 
I the neighbourhood of Pontypool, however, the black bond occurs, 

I containing as much as 15 per cent, of carbonaceous matter, and 
yielding 30 iicr cent, of metal, on ore very advantageous to the 
smelter. 

Tho midland eountiea yield largo quantities of iron. So oom- 
pletolj* is the dietriot between Dudley, Wolverhampton, and 
Birmingham oooupied by this industry fiat agriculture is almost 
entitoly neglected, and toe whole sorfoco of tho eountoy is black 
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viih eoal>dtiBt and iron slags; while at night it is suggcstiTe of 
file infernal regions, being illnminated by the flames issuing 
from thoDsanda of ftumaces, and OTerhni^ with a lurid pall of 
■moke. This distriot has a sx>eoial historio interest. It was 
here that Dudley, about the year 1620, flrst smelted iron with 
coal i but he thereby product it at a much oheaper rate than 
his neighbours, so ho and hk inventions were not to bo tolerated; 
and it was not till long afterwards, when wood was becoming so 
Bcoroe that stringent measures bad to be taken to prevent its 
annihilation, that the ironmasters betook themselves earnestly 
to mineral fuel. This was more than a whole contuiy after 
the dato of Dudley’s patent. In our second paper we have 
spoken of the groat deposit of cool in tho South Staffordshire 
field. In some spots those of ironstone ore scarcely less remark¬ 
able. The ores hero consist of the orgillaoeons carbonate of 
iron—^the prevailing dosoription in all coal measures—and in 
some oases the beds attain a thickness of 27 feet. At Wordsley 
Bank, for instance, the Penny earth beds are of thot depth, and 
in addition there ore 4 feet of “ pins.” At Bricrley Hill these 
two beds together measure 27 feet. Tho peculiar names borne 
by different beds of “ stone,” which in this part of tho country 
^ways means ironstone, ore sometimes suggestivo. ” Pin ” is a 
common term, indicative of the ore being in nodular concretions; 
tile Fonnyoaith is so named because the bod k full of small 
flattened nodules somewhat rosombling pennies. Throughout 
this dktriot there ore other beds of ironstone of varying thick¬ 
ness besides the two named, and the proprietors just select for 
working at each mine whichever may bo tho most convenient. 
The nodular oharaotor described above k a very ordinary feature 
of the beds in tho coal moasuros, and many of these, being very 
thin, would never pay to work, were it not that other useful 
material k frequently obtained at the same time. Thus, on 
reference to Fig. 5 in page 33, where a section of tho thick 
coal in Baremoor Colliery is given, it will be soon that there is 
a layer of ironstono lying immediately below the ” herring coal,” 
and again a second immediately below tho “ thick coal,” and 
overlying tho ” first heathen coal.” Tho latter is a very con¬ 
stant bod, varying from 2 to 8 or 9 feet thick, which has been 
very largely worked. It will bo soon from this section that the 
ironstono cool oan both be got at the same time in these 
partionlor instanoes, so that they would be worth working even 
if tho ironstone bod wore very narrow. Again, at other times 
the iron ore will bo close to a bed of firo-olay, and os thk is an 
article of large consumption by tho ironmasters, the two can 
often be profitably worked together. Tho bands of ironstono 
are generally very numerous, perhaps twelve to sixteen in num¬ 
ber, but only those are regarded as of oommoroiol value which 
are of sufficient size and richness to be worked for their own 
sake, or lie in association with tho coal or fire-clay. Tho ores 
oontain on an average about 33 per cent, of iron. When first 
wrought the argillaoeous matrix of these nodules adheres to 
them, and could not be removed without considerable trouble 
and expense; but exposure to tho action of the weather removes 
all thk, and leaves the nodular concretions free. 

To tho west of this k an kolatod distriot in which the iron 
manufacture has been carried on very successfully for a lung 
term of years—Coolbrook Dale. This, again, as its name indi¬ 
cates, belongs to tho Carboniferous period. Though the field is 
of limited area, the works established here possess no littlo 
historical interest, as it was horo that Abraham Darby, tho 
founder of the great firm that still bears hk name, ro-iutroducod 
the smelting of iron with pit-oool more than 150 yoars ago. 

In North Staffordshire is another deposit of iron, also boldflg- 
ing to the Carboniferous formation, principally the usual earthy 
oaxbonates or olay bond, containing about 85 per cent, of motol; 
but near Newcastle-under-Lyme tho blaok band also occurs, 
oontainhog, in addition, about 10 per cent, of free carbon. 

The great ooal-field of Dorbyshire and Yorkehiro also contains 
hurge dopesdts, oxolusively of olay ironstone, and averaging about 
80 per oent. of iron. 

There are some of our most important ooal-flolds, however, 
which offer an exception to the rule which has been ooeppying 
our attention. Those of tho north of England and Lancashire 
are dofloknt in these olay ironstones, which ate so nnifotmly 
present in similar veologiosl deposita in other ports of the king- 
dean. Not that these wtriots are without iron ores, hut '&ey 
are very limited in quantify, and ei a different character from 
what has already been desffiribed. * v 


In Northumberland and Durham the argillaoeous iron ores do 
not ooour in the Carboniferous rooks, but here and there we find 
spathio carbonates—^beautifully orystoUked ores—containing a 
large per-centago (ftom 38 even to SO) of metaL These are not 
in the coal meaaaroa themaelves, but in the Carboniferoua lime¬ 
stone, and if found in larger quantity would bo of tho greatest 
interest and value, as they yield a very superior iron, thk kind 
of ore boing usually free from phospliates and sulpliates, whioh 
are diffioult to separate, and highly injurious to the qualify of 
the metal. An ore of aimilar oWooter oocurs in the Devonian 
beds of Somenetshiro and Devonshire, and being very con¬ 
veniently situated for shipment aoross iho Bristol Channel to 
tho iron dktricts of South Wales, these ores are extensively 
worked for the purpose of mixing with the Welsh. 

The other deposits of iron ores of sufficient economic im- 
portonco to call for special consideration also lie outside the 
Carboniferous epoch. The first that call for notioo ore the very 
remarkable deposits of red luomatite (anhydrous ferrio oxide, 
Fo,0,), whioh occur principally in Carntwrlond and tho northern 
poition of Lancashire, and to soma extent also in Olamorgan- 
siiiro. A oorious feature connected with these k that they 
occur in large holes or pockets of tho mountain limestone, 
though it is pretty evident that from a geological point of view 
they do not belong to that period. The rod hcemacites oum- 
monly oocoi in crystallino masHes radiating from tho centre and 
rounded on the exterior surface, suggestivo vf the popular name, 

“ kidney ore.” At other times they aro of an earthy character, 
but always leaving a very decided red mark; the rouge of silrer- 
smiths k, in foot, nothing eke than this oxide ground fine. The 
hrematites of Ulvorstone and Cieator contain the extraordinary 
quantity of from 60 to 67 per cent, of metal, almost the only 
foreign matter in the ore being a little tulica. Largo works are 
erected for smelting these iron ores upon tho spot, but groat 
quantities are shipped also to South Wales and other places to 
mix with tho inferior ores, as hocmatite produces iron of very 
superior quality. Tlteso ores, being found in largo masses of 
irregular form and size, ore worked more like a quarry. Near 
CJcator k a mass about 60 foot thick in some parts; and at 
other spots those deposits oro so large that their thickness in 
depth k as yet unknown. 

Tho only other description of oro of importanco to tho iron¬ 
master, which has not yet been mentioned, is tho brown hasmatito 
(hydrated ferrio oxide, Fe^Og, -|- a variable quantity of water). 
Thk is very widely dktributed, extending into tho more rooout 
strata, and k of oonaidorablo commercial value. It is generally 
more earthy in its oharaotor than the rod, and produces a brown 
streak; this k often used as a pigment, under tho name of oohro. 
The Forest of Doan supplies very largo quantities, and, judging 
by tbe remains of ancient workings, it seems to date back, as 
an iron-producing district, as far os to the Boman occupation. 
Quito recently those ores have been turned to good account in 
Lincolnshire, Northamptonshire, and Oxfordshire, where they 
occur in considerable beds in tho Oolite rooks. Increased facili¬ 
ties in bringing cools by roil lias mainly contributed to the 
extension of the iron t^o into these regions. The brown 
haematites vary considerably in tho amount of metoUio produce, 
being mixed with very vorkblo quantities of earthy matter. 

In addition to these there are many other compounds of iron 
in Nature, such as the common pyrites (snlphido of iron), 
arsenical pyrites or mkpiokel, whi^ oro not used in iron 
making, bat aro of value to .the ohcmioal manufocturfr for the 
sulphur and otsenio they respectively oontain. 

Before oommenoing to reduce the ores it k important to know 
precisely their contents, because, in the first place, tiiey may * 
not yield the per-oentage of metal which their appearance migM 
lead one to expect; in the second, tbe nature and quantify of 
the earthy ingredients should be known, in order to determine 
the most suitable fiux to be used; and, in the third, they may 
oontain, in addition, some other ingredients, such as s^phur 
and phosphorus, whioh, even in small quantities, ore deleterious- 
Any fre^ deposit oro k therefore subjected to assay, or 
analysk, before patting it into the blast-fnmaoo. 

The ohjeot of the assayer k to produce on a smaU ecale what 
the smelter would realise on a larger one, from whioli it k easy 
to oaloulate the proportion of metal. The article whioh ie 
required to be teated ha put in the omoiblea, whioh are placed 
on the fire-bars of the fnnaoe, and packed all round with coke 
or anthracite broken amall; the ash-pit below is open in front 
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for the admiBBion of air, and the chimney should not bo less 
than tbitiy feet in height, so as to promote a powerful draught, 
with a damper for regulating it. I^e craciblo is first broaqued, 
or lined with finely-pounded ohareoal rammed hard, leaving only 
a small hole in the centre, snfflciont to contain 100 grains of ore 
and the necessary flux. These aro both ponnded fine, and well 
mixed together. The flux varies according to the description of 
ore and the judgment of the assayor. The hmmatitoa will only 
need a little borax or flint gloss. Ores containing silica, but 
defioient in lime or alumina, will require the addition of limo- 
stone or cloy. Those, on the other hand, in which these prevail 
and tile silica is wanting, ore mixed with pounded quarts. Some 
need no flux at all. The charge having thus boon put in the 
cmoible, it is covered over with some more powdered charcoal, 
and then the lid is luted on with fire-clay, the crucible put into 
the furnace, and the fire got up, gently at first, lest the crucible 
should cra(^, but ultimately to a while heat, at which it is 
inalntainod fur about a quarter of an hour. It is then allowed 
to cool down, the cover of the fnrnoco is removed, and the 
crucible tahen out. On ojiening it and removing the brusque, a 
solid button of iron should bo found at the bottom, separato 
from the slag. If the metal is generally diffused through tho 
mass, and only in a partially melted state, it indicates either 
that tho temperature was insnfiiciont or the flux unsuitable, and 
the experiment must bo repented. Tho button of iron is weighed, 
and that rei)ro8onts tho por-eantago of metal in tho ore. The 
quality is commonly tested by hammering. If tho button is 
flattened by tho blow, tho iron is good; but if it flies to idocos, 
and tho fragments show a crystalline texture, it is of inferior 
quality. Tlio colour and appooraneo of tho slag will also loll 
tho assayer whether ho has apitropriatoly selcujted and propor¬ 
tioned tho ingredients of his flux, which is also a matter of 
much interest to the smelter. In order to save fuel and labour 
it is n.snal to have tho furnace arranged to bold four crucibles, 
and so make tliat number of assays at tho same time. 

By the ordinary processes of chemical analysis ovciy eon- 
stitnont of tho ore can be ascertained quantitatively, and thus 
tho por-oentage of metal and tbu must appropriate fluxes can be 
easily deduced. As a specimen of the result to he thus attained 
tho following is taken from the lloports of tho Geological Survey 
as tho analysis of an ore from If stun, in tho Cleveland Ilistriot: — 


Protoxide of iron.a!)'92 per cent. 

Peroxide ..360 „ 

Protoxide of mangaiioso.0‘9,5 „ 

Alumina.7’86 „ 

Tjime. 7'H „ 

Magnesia.3'82 „ 

Potash .0-27 „ 

Carbonic acid.22‘85 „ 

Silica.&‘7(> „ 

Sulphur.O'll „ 

Phosphoric acid ....... 1'8G „ 

Moisture. 2 97 „ 


This will yield 3U'62 per cent, of metallic iron. 
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TKKBA-COTTA, BBICES AND TILES. 

The moulds used for terra-cotta are necessarily wliat are known 
as “ pitoe-monlds,” that is, they are composed of a series of 
dabs or pieces whioh fit together by moans of chocks or tallies, 
and form tho sides of a sort of hollow box without a lid, tho 
opening in. whioh constitutes tho back of tho block, or that part 
•which is not to bo visible in the finished work. Having care¬ 
fully fitted together and secured with string or cord the pieces 
of his mould, whioh should ho as few in number as possible (wo 
will not here describe the making of the mould from tho model, 
08 that is simply the work of any moulder or skilled plasterer), 
the workman rolls out some of the clay by his side into sheets, 
from one and a half inohes to two inches thick, and by means 
of the open side forcibly introdnoes one of them into the mould. 
He then squeoses the okay oarefully into all the crevices and de¬ 
pressions, which of course ooiuoido with the projootiug po’-tions 
ctf the finished block. KT needs considerable skill and dexterity 
to distribute tbs clay equally over tlie mould, and to fill out all 
idle ineqnalitioB of onriohod blocks—^to force the clay fairly, in 
(act, into all tho aomcra and crannies of the mould; and u^ess 


the clay is tolerably uniform in thickness ihroi^hout the work, 
all kinds of diffioultios arise in the drying. 

Having completely filled his mould, the workman, according 
to his judgment, introduces one or more stays or supports; 
these are webs of clay put in, in tho form of partition walls, to 
support the main frame-work and to tie together the sides of 
the block. Some manufacturers then close up tho back, leaving 
only a few small apertures for tho exit of the moisture in drying 
and for tho admission of tho comont in setting. We think it, 
however, in all oases advisable to leave the back open, os the 
drying of tho inner and outer surfaces of the clay then goes on 
more uniformly, and it becomes possible in fixing tho terra-cotta 
to build the brickwork into tho terra-cotta. In making a 
quantity of blocks of one pattern, the manufacturer invariably 
prepares a number of moulds, as, owing to tho time the clay has 
to remain in the mould, the moulding operation is necoBBarily a 
very lengthy one. When a mould has been filled it is ploood on 
a hot fine to dry, whore, according to tho nature of tho clay and 
1 tho Rise of the block, it may remain from two to six hours. In 
I this time, owing to tho absorption of the plaster and the shrink- 
. ago of tho clay, in consequence of the loss of its water, tho 
I block leaves the sides of the mould, and readily permits of tho 
[ removal of tho several pieces. On quitting tho mould the terra¬ 
cotta is fai- from being reody for firing, and requires a vast amount 
i of scraping and trimming before it is set aside to dry; thus the 
( junction of each piece of the mould produces a seam or “comb” 

I on tho block, which lias to bo very carefully removed ; then, in 
. spite of the utmost care in pulling away tho sides of tho mould, 

! small pieces of clay frequently clcavo to them and are broken 
I oil the block, and some chinks remain unfilled with clay. These 
I places have to bo repaired, and little irregularities on the surface 
hiu'c to he smoothed over, and all this patching and polishing 
throws great temptations in tho way of tho workman ; thus it 
is that in a carefully modelled piece of terra-cotta it frequently 
happens that much of the crispness and spirit of the work is 
sponged and scraped away in this proces.sof cleaning and repair¬ 
ing. After leaving tho moulder Idio block is taken away to tho 
drying loft or chamber, whore it may remain for a week or a fort- 
I night, according to the season and the state of the weather; and 
i' during this period it shonld be repeatedly turned, in order to 
prevent it from settling down in any one particular direction. 
Tho drying should not bo carried on too rapidly or by means of 
artificial heat, os this tends to make tho clay crack, and once 
cracked tho block ia worthless. The workman judges of tho 
sufficiently dry state of the clay by ita colour and by tho weight 
of tho block. 

Wo may now snpposo that a number of blocks have been 
niado and aro ready for firing, and wo will attempt to give a 
brief description of tho kilns. Tho kilns or ovens in general 
use aro of three different kinds;—1. Circular in plan, with fire¬ 
places all round, varying from eight to twelve, or oven sixteen 
in number. 2. Oblong, with fire-places at tho sides and doors 
at either end ; those kilna may havo from eight to twenty fire¬ 
places or fire-holes. 3. Newcastle kilns, which ore oblong 
in plan, with the firo-plauoa at one end only, usually three in 
number. Of these kilns tho latter arc tho least economical, tliat 
is, thoy require the most fuel—vis., about one ton of cool to 
one ton of goods ; and tho round kind are tho best, as thoy aro 
frequently fired with but little more than half this quantity. 
For all well and uniformly burnt terra-cotta the interior of tho 
kiln should bo “muffled”- i.c., havo an inner cose ot “ muffle- 
lining ” of fire-bricks, iirotecting the goods from direct contact 
with the flames and coal Binoko, In some ^ts of the country 
tho terra-cotta kilns, and even those in wHch tlio white glazed 
bricks aro fired, liavo no muffle, but a kind of rude protection ia 
built up in coarser godlls round tho finer articles to be burnt. 
In some places, too, thoy use a sort of half-muffle, railed a “ring- 
wall,” consisting of a lining reaching about half way up the 
kiln, whioh protects tho wore from the first violence of the 
flame, and takes tho place of tho “ bags ” in an ordinary biscuit 
or gloss oven. 

To describe adequately the various systems of firing wojild, 
we fear, lead us far beyond the limits of tho present series of,_ 
papers. We may state briefly Giat tho two chief methods are 
respectively known as the np-draught and the down-draught, 
'according to the manner in whioh the flame is conducted from 
the fumaoo through the kiln to the chimney. The ordinary 
up-diaught is tho old-fashlbncd plan; and tho down-draught 
















206 


the technical educatoe. 


prhudplA, vhich, whon properly managedi eaves a-oossidorable 
omonat of fuel, is of more recent introduction. The whole 
subject of potted firing deserves careful study and investiga- 
tiOB) as probably in no other manufactories, except in iron- 
vrorks, does such a reokloss waste of fuel take place os in 
potteries. The fire-places, or fire-holes, as they are very justly 
called, ate rarely, if ever, supplied with fire-bars, and consist 
of mere rectangular brick Qhambors, with an orifice at the top 
for supplying the fuel, and on arched opening to the ash-pit, to 
get at the firu for the purpose of stirring it and withdrawing 
iho ashes and clinkers. The fire is prevented from falling out 
of tho fire-hole by moans of a rough open wall of brickbats, 
called the “glnt-briokH,” the arch itself boiug called tho “glut.” 
The goods which are to be fired are introduced into tho kiln 
through an opening on one side or one cud of it, and are built 
up one on the top of the other from tho floor to tho roof. Tho 
floor is covered with a layer of crushed pottery or sand, and in 
a round kiln tho heaviest and most massivo objects arc placed 
below, with tho lighter or more hollow piooG.s above them. 
Great case and cxperionco is, of course, roquired in filling a kiln 
and in stocking the goods, for unless tho diSerent objects are 
disposod with rel'orciico to tho amount of heat tlicy have to 
undergo, and the amount of weight they can safoly bear, the 
contents of the kiln may bo, and very often are, tiirown into 
sad confusion when the heat eomos to be applied. 

When tho kiln is full, and the smoking process is completed, 
tho doorway is buOt up in bricks laid dry and plastered over 
with loamy clay, and tho cracks and various openings aro care¬ 
fully stopped with tho same material. Here and there, how¬ 
ever, a brick is so arranged that it may bo readily removed 
from time to time to observe tho appodrance of the interior of 
the kiln during the different stages of tho firing. For many 
hours after the fires aro lighted it is necessary to keep them 
very low, in order tliat tho ware may be, as it is termed, 
“smoked.” For this process it is also advisable to keep a 
current of air passing through tho kiln, and therefore it is 
usual to leave the doorways and other inlets cither partially 
or entirely open until tho smoking is completed, and tho goods 
aro thoroughly dry. In tho earlier part of tlie process dense 
volumes of steam nro given off, which go to form tho so-called 
“ white smoke,” and when this evolution has ceased, the fires 
aro gradually made up until they aro “ brought up to tho 
mouths," as it is oollcd—i.c., till tlm whole of the firo-chambur 
is full of fuel. The smoking may take, according to the nature 
of tho contents of the kiln and their condition with respect to 
dryness when they wore put in, from twenty-fonr to forty-eight 
hours, after which the “full firing” will take from sixty to 
ninoty hours with thormighly well-burnt fire-clay. 

Kio treatment of tho fires, tho method of stoking, tho manage¬ 
ment of tho draught in the chimney, and a host of minor 
details in this stage of tho manufacture of terra-cotta, require 
a vast deal more attention than they at present receive. Tho 
firing is, wo aro bound to confess—-as usually practised at tho 
present time—a very luxphazord and random jiroceediiig. It is 
so, even in the Potteries, with fJio finest kind of porcelain, and 
much more so with flro-olay goods and oommon ware. The 
truth of this matter is tlxat manufooturors do not care to )iro- 
vido shelter round tlio kilns for tho men, and thus, at night¬ 
time especially, tho firemen arc only too glad to avail them¬ 
selves of any pretext for desorting their work. Ono mode of 
obtaining an hour or two’s sleep, and of absenting themselves 
from the kilns, is by what is called “ liamping ” tlio fires—that i-,, 
filling them up with coal and piling a grreathcap of ]ar{,rcr luuifs 
over the mouth, so that as tho fuel gradually burns away the 
lumps may drop down into tho firo-holq. Of course this is a 
very wasteful and had praotieo, as the piles of coal very often 
bum outside instead of inside tho firo-ohamber, or tho fnol, 
instoad of dropping down when wanted, “ hangs in tho month,” 
and oanses tho fires to bum hollow. 

A hollow fire is about tho worst thing possible, as enrrente of 
cold or imperfeotly heated air aro thus allowed to enter the kiln, 
and may in a veiy short space of time undo the work of many 
.hours, by cooling down iho ware. Tliore can be very little doubt, 
idao, that unsteadiness in tho mode of introducing the heat is 
fatal to the contents of the )iiln, as alternate iutorvals of heating 
and rapid cooling oon scaroely feii to crack tho goods. * 

firing of ^o terra-^jotta is m^ly conducted by means of 
“ trials,” in the same way as wilSk fips pottery—teat is, the fir»' 


man judges of the condition of tee contents of the kUn by means 
of trial-pieoea of ware, whioh ho withdraws from time to time 
with an iron rod, through openings called “ trial-holes,” specially 
contrived for the purpose. Those trials are of various forms, a 
very common one being a ring, ont off from tho end of a drain¬ 
pipe, or a small basket, the aim in all cases being to enable the 
fireman to got hold of tho piece readily. From three to four of 
those trials are placed at the top and bottom in each port ur 
“ quarter” of the kiln, and tho workman is supposed, at the 
cud of the process, to produce tho trials he has withdrawn at 
each different period of tho firing. These pieces, of oonrso, 
indicate to him tho relative condition of all parte of tho kiln, 
and he can then manage his fires accordingly. Thus, he may 
have to “ push ” certain fires and slookon others, in order to 
" bring up the quarters ” all alike, or ho may have to "work for 
tho top ” or bottom if ho finds any important difference in tho 
state of his top and bottom trials. The theory of trials is all 
very well, but an oxporioucod workman goes more by the look 
of the goods through tho “ spy-holes ” than by anything else. 
Moreover, tho trials alone do not constitute a reliable guide, 
especially when tee kiln is old and “ leaky,” or full of vents and 
cracks. A new kiln will frequently "fire up” in half the time 
an old ono will, and thus show a vast saving in fuel. Wo should 
like here to have described some of tho new inventions for kilns 
and furnaces; but this would, we fear, lake up more space than 
wo can spare. 

After the last stoking the fires are allowed to burn gradually 
down, and in twenty-four hours’ time tho door is opened and tho 
cold air permitted to enter tho lain. This should not bo done 
too soon, ns it might canso tlio ware to " fly ” or craok. When 
terra-cotta is wanted in a hurry it is ofteii got ont quite hot, 
and before the kiln is thoroughly cool a new lot of goods has 
been put in and the fires aro again lighted. It will readily bo . 
understood that this alternate expansion and contraction is ▼ 
most prejudicial to the stability of the kilns, and it is nocessary 
to build them most solidly and to tie them together with iron 
hoops or bands. However ciorefuDy this is done they soon 
begin to split open and crook, and tho crown of the kiln, whioh 
consists, of coufao, of a brick dome, sooner or later falls in or 
has to bo taken down. Tho repair of his kilns is conse<iuently 
ono of tho most expensive items incurred by the manufacturer. 

Tlio colour of fire-clay terra-cotta, when well burned, is, as 
wo liavo observed, a dark buff, and to our mind terra-cotta can 
hardly bo too much fired. Those blocks which are under-burnt 
or ore too pale in colonr to build in properly with tho other 
work may readily be tired again and made to take a doeiicr tint. 

Wo have thus glanced at the various stages in the mnnufuc- 
tnro of fire-clay terra-cotta, and wo may, in concluding this 
portion of our subject, make a few remarks on other varieties 
of this material. 

Most manufacturers can, if desired, fpmish a rod terra-cotta, 
and many firms will, if necessary, give us a blue or a green 
colonr at a slight extra cost. Wo cannot but regard tho white 
or buff ware os the only true terra-cotta, in spite of tho fact 
teat almost all tee ancient ware was rod in colour. We havd 
given onr reasons for maintaining teat tho rod clays will not 
stand any groat degree of heat, and bocauso in the diy climates 
of Greece and Italy the rod wore has lasted well, wo must not 
assume teat it will do so in our own damp climate. We are 
convinood that there is no more dwable material tiian well-burnt 
fire-clay, and if a rod colonr is necessary it should bo ofetained 
by mixing colouring matter with the clay. White terra-cotta 
forms an cxcellont dressing for a red brick building, and appears 
to bo stmcturally tho true method of decorating it. 'rerra- ^ 
cotta and stone-work should never be used together, and red 
terra-cotta should not be nsod with a white briok building. 
Terra-cotta can, if it is roqoired, be mode to take a coloured 
onamol-glaxe, and it is then known as " della robbia ” ware, or, 
in a Immblor form, as glazed brioks, which are now made in 
various colours by several manufacturers in the neighbourhood 
of Leeds. Lastly, torra-ootta is admirably suited for reoeiving 
a glaze, technically known as “ salt glaze,” and olay in this 
fom is well known to us in tho shape til the numberlosa kinds 
of so-called “ sanitary goods.” Thig glaze is produced by 
throwing on the fires at the end of the "firing up” a foW 
handfuls of salt, whioh is dicompoaed on the eurfaoe of the hot 
ware in the kiln, and forms a gliue of silioate of soda with tee 
evolution of hydioohlotio acid. 
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Fio. ai. — ^THb ia ft triangular priatu, the ond of wHch ia 
parallel to the picture-plane. an 

The end, wMoh in this inatanoe ia an eqnilatoral triangle, ia h'. 
to be drawn flrat; and from ita angloa, a, h, e, Unea are to bo ' 
drawn to the point of sight; the lino d e will then complete the tw 
lower Bide of tto prism. co' 

Now it ia oloar that fZ e is the base of the triangle forming 
the distant end of the prism; and knowing that this triangle ia th( 
equilateral, haying merely boon moved backward from the fore- ani 
ground, but the dirootion of its piano not having been changed, wi' 
it would be easy to draw an equilateral triangle on d v without 
any further truublo; but this would not teach the principle of in 
drawing the figure if the triangle wore not cfjTiilatoral; and it , up 
ia, therefore, desirable to i)ro(!Oed in tlic method from which i frci 
such instruction is to ho derived. I na 

From c draw the porpondinular c J, and from f draw a lino to ' Th 
the point of sight, which will pass tlirongli d c in ij. At 9 draw I pla 
a porpondicnlar, to correspond with that drawn on /. From 1 
e draw a lino to the point of sight, mooting tho porpondicnlar sin 
9 in h. From h draw h d and h o, which will corai>lotc tho vhsw. , rut 
Fig. 212 is made up of throe 
models of equal sizo, niid fonns a 

simx>le doorway at right angles to Fio- 2 -. 

tho {)lane of tho picture. 

This is another a]t}i1ioation of pi 

the models used in the previous 

rf' 


cutting the perpendicular / in c. Draw a' e' and o' 6 ', which 
will complete tlio triangle. 

From f draw the hurizontal f 9 '. At / erect a perpendicular, 
and from c' draw a horizontal intersecting this perpendicular in 
h'. Draw h' e' and li d\ which will complete the object. 

The group forming Pig. 24 cousiats of a cube standing on 
two square slabs which form steps around it, the cube being 
covered by a i>yramid. 

Draw tho rectangle ah d r, representing the vortical edge of 
the lower slab. From c and d draw lines to the point of sight, 
and complete tho view in tho manner with which tho student 
will now have booome acquainted. 

Now tho lower slab forma a stop aronnd the second one eqnal 
, in width to its height; therefore, having drawn diagonals in the 
i upper surface of tho slab, set off c e and df equal to a c, aud 
i from t: and / draw linos to tlio point of sight, cutting the diogo* 
j nals in 9 , k and two distant points, as shown in Fig. 2 (page 4). 

Tho quadrilateral formed by joining these puints wiU bo tho 
j plan of tho second slab. 

I At 9 and h erect perjmndionlars, which, os tho second slab 
stands a little hack from the pietnrc-plano, will be drawn 


rulher shorter than a c. 




Draw a horizontal line for the edge, 
aud complete tho object as before. 

Set off, on tho edge of this slab, 
tbo width which it projects beyond 
the cube, which, us in tlio jirovious 
case, is the lamu as tho height of 
the slab. Draw lines to tho point 


Fig. 2:J. 





lesson. Draw, in tho first place, the side of tho one upright ] of sight, cutting tho diagonals, and this will {five tho plan of 
which is itarailol to tho spectator—^viz., n h c d. From h and e tho cube and pyramid, which may now be completed in tho 
draw lines to the point of sight, and erect tho iieriiendioulav / 9 . 1 manner shown in the figure. 

Draw a line from d to the point of sight, and from 9 draw a line j The object which is showii in h’ig. 2 .'> is the one which has 
povaliel to c d, which will com]iletn the view of this part of tho | already been drawn in another ijoritioii in h’lg. 22. The front 
model, rendered as a more slab. Now draw the perpendiculars j olovation is now xmi’aHel to tho inclurc. 'I'his view is so cx- 
h and i, and from a draw a lino tc tho point of sight. From i ; tremoly simiilo that tho student may fiiirly bo cx})ccted to draw 
draw a line (i 3 ) parallel to a b, and at j erect a perpendicular. ' it without furtlior instiaictions. 

This will give the inner side of tho distant upright. Now pro- j In tho previous lessons tho objects have been so placed, that 
dues tho lino e g until it projects sufficiently boyoiid tho per- their front :ind back surfaces have been parallel to the picture, 
poudionkfta, bearing in mind that as all lengths are dim nished i Under such circumstances, tho sides alluded to retoin their 
by .distance, the length from 9 to fc must bo less than c to J, | ori|||j|nal slinj)r, however much tlicy may be diiuluishcd in si'c by 
.although these would be equal in the model. Then draw tho j being moved into tbo distance. 

rectangle Imno, represent^g tho bnd of tho horizontal block. ! This has been exemplified in pirgo 132, in jvhich tho front of 
l^m 0 draw a line to tho point of sight. At k draw a per- ' tho cube in Fig. 13 i.s a square like lliat of big. 11, but redneod 
pendioular, which will give p, tho point at which the riistiint , in size, in conscfincncu of its being iilaoed back in the })ictnro; 
horizontal is to bo drawn. Now from it draw a lino v,o the and similarly, the side of the distwt upright in Fig. 22 i.s 

point of sight, cutting tho horizontal in 9 , and tho object will , similar in sliaiio to the side a b, but is dimiui-ht-d for the same 

thus be completed. reason. , , . , 

1 Kg. 23 is another triangular prism. I It now becomcB necessary to consider tho method of drawing 

la commencing this figure, sketch the plan a' b'd' il, reniem- objects when their Bid® are placed at different angles to the 

Iwring that a' fc', which represents tho base of tho end, being , picturo-idauo. i j 4.1 l 

now at i^ht angles to the pioturo, will converge to the point of In order that tne student may fully comprehend tlie exact 
sight Between a' end V set off the point/, making a' f slighUy difference between the positions of the objects now to be imu- 
longer thanj^ t', a.i/' eroota perpcmdioular. Erect anothesr sidcrc^s his attontiou is called to IHgs. -0 aud m the fol- 

Potpendienliw at a', and mark on it a", equal to tho real height lowing pago.s. i i 

of tho triangle. From a'' draw a line to the point of sight, Fig. 20 is the plan of a oulMg placed so that its trout and back 
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are parallel to tlie piotore, which is supposed to stand on the 
line A B. This position hag already been explained in reference 
to Fig. 1 (page 4), and several snoh snbjeota have boon snbso- 
qaontly worked ont. 

Fig. 27 showa the plan of the same object when placed so that 
neither side is parallel to the piotaro.plane, a b j only the angle 
a is really in the foreground, tho other surfacea recoding from 
it. In tho present plan it will be seen that the object is placed 
at equal angles- -tlint is, tho side standing on a b recedes at tho 
same angle as does tho side standing on a c, and it will bo seen 
from the plan that the sido e d is parallel to a b, and b d to a c. 

"We wiU now proceed to draw tho cubo so placed. 

Let a e (Fig. 28), be the vertiool edge of tho cube which is 


prootioo will enable the stndont to jndgo of the amount of 
inclination required, and to sketch the object with tolerable 
oorreotnoBB. rales for finding the exact position of tho 

vanishing-points, oto., do not fall within the province of those 
lessons, bnt are folly treated of and practically worked out in 
the lessons in “ Prarfical Perspeotivo.” 

The student must use his judgment, too, in determining the 
positions of the perpendiculars b b' and d d', bearing in mind 
that tho width of the sides will vary according as tho objoot is 
movod to tho right or left, and that both sides will be tho same 
when tho object is placed immediately opposite tlio eye. 

Tlio following principle will now bo found useful to the 
student:— 



nearest to tho spectator, and resting on the point a in the plan. 
Now wo know that tho edge a d in tho plan and the corre¬ 
sponding edge of tho top of the cube aro horizontal ; bulf we 
have seen that horizontal lines when not parallel to tho picture 
oonvorgo to a point in tho distance—that point being the point 
of sight when the lines in tho object are at right angles to tho 
picture; bnt the lino a d and tho corresponding edge of the 
upper surface, c d', arc, as has been shown by the plan, not at 
right angles to the picture, and therefore they converge [not to 
the point of sight, but) to a point in tho horizontal lino called 
the vanishing-point. The linos a b and s h' converge in a 
similar manner to a point on tho left side. 

Care must bo taken that thoso lines are not drawn np too 
obliquely, wbirii makes the skutoh appear as if the objoot wore 
tilted np from the back. It must be understood t^pt the 
vanishing-points need not necessarily be on the paimr, nor need 
the linos be drawn entirely to A little observation and 


AU lines which in the object arc parallel to each otifbr, vanish 
ill the same point. • 

Now it has already been shown in the plan that 5 d is. 
parallel to a c, and that c d is parallel to a T). , 

Therefore, according to the above principle, draw a line from 
e to the right-hand vanishing-point vp’’, to which a d and b e 
have already been drawn; and from e draw a line to VP*, to 
which the lines a b and d c converge. Hie objeot being drawn 
ns if transparent, it will be scon that the same rule is oorried 
out in relation to the distant lines of the base of the cube. 

Fig. 29 is a view of the same oube when placed above the 
level of tho eye of the speotator, and the lines therefore mu 
down to tho vanishing-points on the horizontal line. 

Fig. 30 is an upright block wMoh, being higher than the 
spoctator, passes above jhhe horizonM lino; and thus, although 
iiio lines from the nesxest angle at tho bottom are drawn 
upward, those from the top ine^io downwards. 

( 
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OPTICAL INSTRUMENTS.—IX. 

BT BAUTIKI. RiaKLETt r.S.S., BTC. 

BFECTACLE-I’BAHES (continutd). 

1 BBALL now proceed to describe and figure the Tarious forms 
of spootaole-framea ; but before entering on a dotailod dcsorip- 
tion of these, I may remind the reader that at page 112 of 
Tol. I. of Th» Tech- 
RiCAii Educator I 
hare described and 
figured (Figs. 4, 5) 
two forma of “pro¬ 
tectors ” used for 
shielding the eyes 
from dust or glare 
of light, about which 
it will bo unneces¬ 
sary to say anything 
further here. 

Hand Beading- 
basses are largo oon- 
yox lenses, of various 
sizes, mounted in cir¬ 
cular metal frames, 
fitted to ebony or 
ivory handles. Those 
glosses are sometimes 
cat into an oblong 
shape to reduce thoir 
weight. Such glasses 
are often used when 
the sight begins to 
dim, for reading 
small print by lump- 
light. Even with 
glasses of largo dia¬ 
meter, it will bo 
noticed, as a rule, 
only one eye is em¬ 
ployed; but as per¬ 
sons usually read 
with the greatest 
comfort when the 
gloss is held at such 
a distance from eye 
and object that the 
rays proceed in a 
parallel direction, not 
muoh mischief ac¬ 
crues. Nevertheless, 
thoir proper office is 
for magnifying smell 
objects of art, natural 
history, etc. 

^ye-glasses are 
single lenses, which 
maybe simply drilled, 
as in Fig. 17, or 
mounted in light rims 
of horn, tortoiseshell, 
steel, gol^ or plated 
metal, as in Figs. 18, 

19,*to suit the taste 
^>r pbeket of the pur¬ 
chaser, and are sus¬ 
pended from the neck 
by a plaited silken 
cord, or they may be fitted with a univeraal joint, on a stem 
that can be screwed and olamped on to the front of a hat, 
as shown in Fig. 20, to meet the requirements of shooting 
and riding. The oooasional use of single glasses on distant 
objects oan do no harm to the eje ; but their constant use on 
near objects tends to alter the focus of eye thus armed with 
esim power (which eye is usually the one on the right side); 
while, moreover, the other eye tends to deteriorate from wont 
of OB^ and may become amblyopic. When necessity for 
^tieal aasistanoe is really felt, it is preferable at onoe to adopt 
oonUe aye-glassea or Bpeatades. 

TOL. XL 



Br. W. C. Wells, in his work on “ Vision,” quotes the ezpe- 
rionoo of the late eminent optician, George Adams;—“&e 
fact is this, that he does not know a sJtorUsighUd person 
who has hsd oooosiun to increase the depth of hia glasses if 
be began to use thorn in the form of spectacles} whereas ha 
can recollect several instances where those have been obliged 
to change their concave glosses repeatedly for others higher 

powers who hod been 
acqpstomed to apply 
them to one eye only." 

Usually it is my- 
opics (and pretended 
niyopics) who take to 
single eye - glasses. 
Every-day exporienoe 
teaches us that ob¬ 
jects appear con¬ 
siderably clearer and 
brighter when seen 
with both eyes than 
they do when seen 
with one only. 

Hand-folders are 
glasses so mounted 
in horn, tortoiseshell, 
or metal frames that 
they close over each 
other, as shown in 
I'igs. 21, 22, 23, 24, 
and so occupy less 
space than spectacles, 
and are very conve¬ 
niently carried in a 
waistcoat pocket. 

The French term 
those pinces nes, as 
they pinch the nose 
either by the folding 
joint, as shown in 
Fig. 22, or by the 
action of a stool 
spring that unites 
the louses by hinge- 
joints, as shown in 
Fig. 24. 

An elegant form of 
the double eye-glass, 
espooially suited for 
ladies, is the Idrgnon 
(Fig. 25),usually, but 
orroneously, colled 
a lorgnette, which 
term the French apply 
to an opera-glass, 
whether it bo largo 
or small. 

The objection to 
all such frames is 
tliat it is more hap¬ 
hazard whether the 
lenses are centered 
with the axes of Hio 
eyes of the wearer, or 
are held parallel to 
the eyes, so that the 
strain and irritation 
that may bo set up 

in the organ of vision connterbolanoeB the advantages derived 
from their apparent convenient form. 

Spectacle Frames .—The usual form of oval-fronted frames 
with single sides is shown in Fig. 26, and the “ tum-pin 
frames,” with double sides working on a pivot, in Pig. 27. 

Jmriaible Flcjsihlc Frames are mode with very light wire 
sides, curved to fit behind the ears, and the fronts, instead of 
being made with rims intb which the lenses flL ore buried in 
grooves out in the fiat edges of the glasses. This form (shown 
in 28) is much affected by clergymen,^ and is one well 
suited for tiio dioxt-iigMed wKen walking or riding. 

40 
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PowfaMeqpie Fra/mcs ate mode with the rims flattened at the 
tops, as shown in Fig. and set obliquely to the eye, so as 
to be in the best position for the long*sighted to look upon near 
work, while it enables them to gaze upon distant objects nn- 
obstmotedly. 

Dvuided Speetaeles are made with “ round-eye fronts,” and 
two lenses of different focus are neatly out across their aentros, 
and then carefully adjusted in their frames, so that the halves 
of long focal length ore in the upper, and the halves of shorter 
focal length in the lower segment. Such glasses have bcuu 
found very useful to artists who have to look rapidly from the 
distant object to the near canvas on which they are depicting 
it. Both Sir Joshua Beynolds and Bonjamin West employed such 
spectaales, which are certainly preferable to the clmnsy and 
heavy arrangement where two pairs of glasso-s wore made to 
turn in combination or separate, by means of a hinged joint. 
The divided speotaole is shown in Fig. 30. Benjamin West 
for many years wore such an arrangement, with tho upper halves 
of 80 inches and the lower of 12 inches focus ; but some years 
before his death, which was at tho age of ninety, tho lower 
hidves were changed to a focus of 8 inohos. Ilia glasses wore 

inches in diameter. Tho philosopher hVanklin was slightly 
myopic, and had little power of accommodation, and for looking at 
• distance he had need of negative, for seeing near objects he had 
need of positive glasses. Uo therefore devised a pair of divided 
speotooles, and combined tho two halves so that tho concave occu¬ 
pied the upper and tho convex tho lower xiortion of the frame, and 
thus provided very well for his want of aeconunodativo power. 
Snob Bpeetooles have been called “Franklin’s glasses.” Of 
.late years the French have combined in one lens, what Franklin 
attained by outiing and combining two lenses, by grinding tho 
upper and lower halves of different foci, so that, according to an 
oculist’s order, opticians can supply lenses of different positive 
or negative foons in the two halves, or positive foous above and 
negative below of any given foci. Such lenses are termed 
*' verret d dauhle foyer," 

It is indispensable that those shonld be accurately adjusted 
at tho proper height before tho eyes, so that in looking at a 
distance the rays may fall upon tho upimr, and in looking at 
near objoots through tho lower part of tho org^an of vision. 
The pupils must not bo opposite tho lino that interscots the 
upper and lower lens, or confusion of vision will result. Tho 
proper set of the frames, in ascertaining this point, must bo 
determined more by moving tho eyes than by moving tho head. 

While speaking of spectacles used for near and distant objoots, 
1 may note the neoessily for cheeking tho foolish practice of 
some long-sighted people, who, while wearing convex glasses 
snitod for viewing near objects, also employ them for viewing 
distant objects. As such improper use of speotaolos will bring 
about loss of the occomme^tive power of tlio eyes, they 
should remove them when looking at distant objects, or adopt 
the psntosoopio form. When speaking of spectacles for eyes of 
different foci, at page 355, I gave tho practice of Dondors, also 
followed by many other oculists, which is founded on the belief 
that if in such casos we supply lenses of different fopi to snit 
oaoh eye, though we make the range of accommodation for each 
eye more equal, tlte magnitude of the images iu each would bo 
unequal, and tbe result mtaatisfactory. 

It is Carious that so great an authority on the optics of the 
eye should have arrived at sueh a oonolnaion, for it has been 
experimentally demonstrated by Mr. Charles Hnisoh, of the 
Middlesex Hospital, by an instrument specially constructed for 
tho purpose, that if a patient, having eyes of different foci, bo 
aoonratriy fitted with glasses of different foci, exactly suited for 
each eye, then tho two images may bo made of ejiial magnitude, 
but the oonvorso will result if glasses of equal foci bo employed 
for each eye. 

When the difference is slight this method of treatment moy 
be disregarded, if accommodation be good; but Oven with such 
a difference, say, of a focus of 14 inches for one eye and 12 
inches fwr the other, much goo<i results from suiting both eyes 
properly, according to tho diotates of optical laws. 

S[wotaele glasses must be kept clean and bright, and should 
be wiped wi& softest and cleanest of wasb-lei^her, or fine 
soft tissue paper. When not in use the frames donld be kept 
in -woll-shapod apeotaote-oasaB, to guard as mndb as possible 
against the leases betng soratehed. Should they be l&us in- 
jotod os otherwise dimmo^ they sfiould Wohonged inuped^^cto]^. 


When reading or working by night the light should fall on the 
objeot, while tho eyes are shaded, and a glaring, fliokoring, or 
nnstoaidy flame should be carefully avoided. 

In oonoluding this long series of artioles on the human eye 
and the optical treatment of its defects, I have endeavoored to 
give a oareful digest of modem praotioe, especially of that fol¬ 
lowed by German oculists, to whom we are indob^d for many 
mothodioal investigations. - * 


BIOGRAPHICAL SKETCHES OF EMINENT 
INVENTORS AND MAN UFACTURERS. 

XIV.—HENBY BELL. 

BY JAMES OBANT. 

" Invektions bom before their time,” says the ex-Emperor 
Napoleon III., “ must necessarily remain useless until the level 
of the common intellect rises to oomprcheiid them.” Tlie trath 
of this maxim is well illustrated by tho failnres of those who in 
past times have thought of steam locomotion as possible by 
land and sea ; such as when Sonor Blasoo do Oaray mode his 
attempt in tho time of Charles V.; when Denis Papin made a 
similar essay at Cassel, in 1707; and when the unfortunate 
James Taylor, of whom a memoir was given in The Technzcab 
Educator (Vol. I., p. 147), first sought to apply this novel 
power to inland navigation on Dalswinton Loch and the Forth 
and Clyde Canal, towards tho close of the lost century. 

Henry Bell, who had inspected the vessel coustruetod by the 
latter, us she lay rotting and forgotten at Catron, and who fore¬ 
saw the vast uses to which such a ship could bo applied, and 
was eventually tho first sucoossfnl adapter of steam to the pur¬ 
poses of navigation in Europe, was bom on tho 7th of April, 
1767, in tho little straggling village of Torphichen, in a wooded 
and sequestered port of Linlithgowshire. Tho central feature 
of the hamlet is tho rain of tho fortified church of tho Scottish 
Knights of St. John. Ho was sprang from a race of sober, 
hardy, and industrious mechanics, being tho fifth son of Patriok 
Bell and his wife Margaret Easton, whoso ancostors, for many 
generations, had been well known in West Lothian as ingonions 
millwrights and builders; and some of whom had constructed 
harbours and bridges not only in Scotland, but in other ports 
of tho United Kingdom. As usual with the children of tiie 
humbler classes in Scotland, Henry Bell received a plain eduoa- 
tion at tho pariah school, and in 1780 was apprenticed to a 
stonemason. 

'This employment ho would seem to have disliked; and three 
years after ho commonood a new approntiooahip with his uncle, 
as a millwright, in the vicinity of Torphichen. In 1787, his' 
term being complete, ho wont to Borrowstownnoss, on the 
Fortti, to learn the art of ship-modelling, and engaged himself 
os a journeyman with Mr. James Inglis, engineer, at Bell’s .Hill, 
with a view to completing his knowledge in mochanios. After 
a time he went to London, where ho found employment under 
the eminent Mr. Itonnie, whoso lino of business afforded Bell 
ample opportnnitios of acquiring a great praotioal knowledg^in 
tho higher branohos of engineering; but being of a restlras 
nature, like many other men of genius, he returned soon again 
to Scotland, and worked for many years at Glasgow indus¬ 
triously as a simple houso-oarpentor, and in 1797 was enrolled 
as a member of the corporation of wrights in that city. 

Boll was not without ambition, and it was his greatest desire 
to contract for some of the pnblio works in Glasgow; but being 
totally without capital or wealthy friends, he never sueoeeded in 
havang his hopes realised in that way. “ His mind was a olteos 
of extraordinory projects,” says a writer, who seems to hiat 
that he looked tho power of concentration ; “ the most of these, 
from his want of soiontifio calonlation, ho neVer could carry into 
practieo. Owing 'to an imperfeotion in even his moohonioal 
skill, he sooroely ever mode one part of a model to suit tbe rest, 
so that many designs, after a great deal of pams and expense, 
were sncoqssively abandoned” 

The idea of propelling vessels by steam, on Taylor’s prin- 
eiple, was undoubtedly one that took very early possession of 
I his mind. 

i “In 1800,” ho writes (tw^ve years after Taylor’s little 
j steamer ^Middled across fflalswinton Looh), " I .^]^lied to Lord 
Melville, oo pttrpose to show his lordship and the' o^er mernbon 
1 iff ^0 Adpiitalfy the piaotioabO^ and great utili^of ai^lying 
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stoam to the propnLnon of veasels against winds and tides, and 
oveiy obstraction on rirera and seas, wbore there was depth of 
water. After duly thinking over the plan, the lords of that 
great eatablishmeut wore of opinion that it would bo of no 
valwt in promoting transmarine navigation.” 

It is gratifying to think that the hero of the Nile and Tro* 
falgar thought otherwise. 

" My lords,” said ho, emphatically, when Boll brought for¬ 
ward his project again in 1803, “ if you do not adopt Mr. Boll’s 
scheme other nations will, and in the end vox every vein of this 
empire. It will succeed, and you Should encourage Mr. Boll.” 

Events have shown how truly the groat admiral spoke; and 
ho might have proved a firm friend and patron of the Immble 
projector, but two years later saw him lying dead in the cabin 
of the Victory. 

Still oonstraeting models and struggling with circumstances. 
Boll, who had married, removed from Glasgow, in 1808, to Helens¬ 
burgh, a watering-idaco on the Clyde, begun about iiiirty years 
before by Sir James Colquhoun, Bart., of Lass. There his wife 
undertook the anporintoudenoe of the public baths, and at the 
same time kept the principal hotel; whilo “ ho continued to 
prosecute his favourite scheme, without much regard to the 
ordinary affairs of the world.” 

Helaon's prophecy speedily became true, when in 1807, on the 
3rd of October, Mr. Fulton, who had also inspected 'Taylor’s 
steamer at Carron, huinchod the first rivor-steamor in America 
on the waters of the Hudson, and regularly corrospondod with 
Bell concerning its progress and development. 

In 1811 the latter began to construct a vessel of 30 tons 
burden, 40 f(H 3 t long, 10 foot G inches beam, with an engine 
of 3 horso-powor, and on a plan that was entirely his own. 
This craft he named the Comet, that year having boon romurk- 
ablo for the appearance of a brilliant one. Blio was built by 
Messrs. John Wood and Co., and made her trial trip on the 18th 
of January, 1812, when she sailed triumphantly from Glasgow 
down the Ciydo to Greenock making five miles uu hour against 
a head wind. 

By the midsummer of that year Boll advertised that his won¬ 
derful new ship would ply upon tho Clyde thrico weekly from 
Glasgow, sailing “ by tho powers of nir, wind, and stoiim; ” and 
September saw tho voyages extending to Oban and to Fort 
William, at the month of Loch Eil, four days being tho time 
required for going and roturniiig. 

Bell hod oonstrncted tho stoam-engino with his own hands; 
ho had onoonntored, like poor Taylor, those innumerable and 
indescribable difficulties incident to tbo career of tho unfriended 
inventor. His sncooss was now, however, complete; and though 
many others wore now encouraged to embark their capital in 
similar undertakings of a much greater nature. Boll did not 
realise personally any solid advantages from bis disnovory. Ho 
bad, however, tho satisfaction, accorded to few, of living to hoc 
his invention universally adopted over all the waters of tbo 
globe. The Clyde, whioh first enjoyed the advantages of steam- 
navigation in Britain, became tho great seat for building ships 
ofi that kind, and in that respect still maintains its equality 
with, if not suporiotity over, any other port in the world. 

“ Clyde-built ships, with Glasgow engines,” says Dr. Cham¬ 
bers, *' make tiio voyage between Liverpool and Now York in 
ten days. Steamboat building and marine-engine making re¬ 
ceived their first powerful impulse from the solution of the 
problem^f ocean steam navigation. From tables constractod 
bR Dr. Strong, from returns fumisbod to him by the various 
shjnbuildors and engineers in Glasgow, Dumbarton, Greonook, 
and Port Glasgow, it appears that during seven years, from 1846 
to 1852, there were oonstrncted at Glasgow and in its noighhonr- 
bood, 123 Teasels, of which 1 was of wood, 122 of iron, 80 
pad^e, and 43 screw; consisting of 200 wooden tonnage, 
70,441 iron tonnage, 6,610 hotse-powor engines for wooden 
hulls, 32,539 horse-power engines for iron hulls, and 4,720 
horse-power engines for vessels not being built on tho Clyde. 
During the same period thore wore oonstmetod in Dumbarton 
58 vesselB, all of iron, 20 being for paddles, and 38 for screws, 
and having a tonnage of 29,761; and during the last tbreo years 
of the same period, 3,615 horse-power engines were made there 
for iron hulls, and 200 horse-pdwer ^engines for vessels not 
buQt on Idle Clyde. Daring the esuns period, from 1846 to 
1858, there were oonstmoted at Greenock and Port GljMgow*66 
■toaiB.ivesBeihi, of whioh 13 were of wood 'and 53 of iron; 4il 


paddle and 25 screw, consisting of 18,131 wood tonnage and 
29,071 iron tonnage; 129 horso-powor engines for wooden hulls, 
5,439 horse-power engines for iron hulls, and 4,514 horso-power 
, engines for vessels not built on tho Clyde. For the whole 
! porta on tho Clyde alone, tho steam-vessels built 'snd tho 
marine engines made between 1646 and 1852 were as follow; 
—Wood hulls, 14; iron huUs, 233; in all, 247—of those 114 
were poddies and 106 screws. The tonnage of the wooden 
stoamors amounts to la.-ISl; of tho iron 1291,273. The engine 
horso-powor in wood hnlla was 6,739; in iron hulls it was 
31,593 : whilo there was of engine horse-power for voasela not 
oonstructod on tho Clyde, 9,43 4 ; making a grand total of 247 
steamers, amounting to 147,604 tons, and of engines, 47,766 
horse-power.” 

Since 1862 tho increase has been correspondingly groat; and 
os a sample of tho number and tonnage of vessels ordered from 
private firms, tho following may bo noted in 1868 alone.— 
Messrs. Napier, four iron-olads (10,636 tons, and 2,140 horse¬ 
power) ; Messrs. Ciiird and Co., six steamers, each of 3,000 tons 
and 600 horso-powor; Messrs. Denny, two composite gun-boats, 
one armour-clad, and five Bcrow-stoamers (10,520 tons, and 1,970 
horse-power); Messrs. Kandolph and Co., night screw-steamers, 
two iron ships, and two lighters (10,510 tons, and 1,310 horse¬ 
power) ; Messrs. Thomson, throe screw-stoamers, one paddle, and 
one gunboat for Govormnont, and one iron ship (7,000 tons, 
and 1,020 horso-powor). 

It was in 1813 tliat a steamer was first placed on the Thames; 
hnt tho projector, an Irishman, had to succumb to the privileges 
of tho Ibamoa watermen. 

But to return to tho subject of our memoir. Notwithstanding 
that Glasgow owed so much of her gruatnosa to his success, he 
reaped bat little more than honour, and was permitted to 
approach tho confines of old ago in very straitened cironmstanoos. 
The engine of tho Conwt, which was mode by Ball's order, and 
at which Mr. David Napier worked ns an engineer, making tho 
boiler chiefly, after lying in tho sea for many years after the 
Comet was wrookod in one of tho dangerous channels of the 
West Highlands, was brought to Glasgow, and in 1840 was 
exhibited as a kind of curiosity to the members of the British 
Association. Each wheel had four paddles, of tho molt-shovol 
form. 

Touched by the unrewarded years of Boll, tho late Dr. Cleland, 
an eminent statistical writer, with a few other benevolent indi¬ 
viduals, oomraeneod a sabscription in bis behalf, and induced 
tho Uiver Clyde Trustees to grant him on annuity of 4! 100, 
which was oontinnod to his widow ; and this was deemed but a 
humblo acknowledgment of tho value of liis great invention on 
tho part of those guardians of a river whoso annual revenue 
was increased mainly by tho impulse given to its trado by 
steam navigation from .£6,676 in 1810 to £76,000 in 1852. 

Henry Bell died in Ids sixty-third year, at tho Baths in 
llulonsburgh, on tho 14th of March, 1830, and was buried in tho 
parish ehnrehyard of Bow, in Duralnirtonshiro. 

On tho picturesque rock of Dunglass, in tho Clyde, and rising 
above tho ivied ruins of Gio old castle of that name, towers a 
groat square obelisk to tho memory of Henry Bell. It is a oon- 
spiououe objeot to all vessels traversing the liver; but no 
stone marks tho resting-pkaco of him who first conoeivsd. that 
project whioh Boll achieved—Taylor, who launched the first 
little steamer on the Loch of Dolswintom Her engine—“ the 
parent engine of steam navigation ”—is now preserved in tho 
Commissioners of Patents' Museum at Boutb Kensington. 

In oonolnding this notice of Honry Bell, it ought to be re¬ 
membered that some sixty years before tbo time when he sought 
the patronage of tho groat Lord Nelson, tho idea of propelling 
vossols by steam had occurred to an Englishman named Hulls. 
This idea he gave to the world in a email pamphlet, entitled “ A 
Description of a Newly-invented Machine for Carrying Vessels or 
Ships out of or into any Harbour, Port, or Eivor, against Wind and 
Tide, or in Calm; for which His Majesty hiis granted Letters 
Patent, for tho solo benefit of the Author, for the apace of Four¬ 
teen years. By Jonathan Hnlls. London: Printed for the 
Author, 1737. Price Sixpouoe.” 

To this publication is prefixed a diagram, show^ a large, 
decked vessel, without masts or rigging of any kind, a short 
funnel, without stays, smoking amidships; three fly-wheels 
working on deck, but ]^f sunk through it, and two other fly- 
wheMi, witii bands oyer them, working astom; between the 
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latter roTolvoe a screw, haring six spokes, with square shovel 
ea^ or poddlos, and she tows a two-deoker man-of-war. A copy 
of this publication is preserved in the British Museum, and has 
been referred to in Bobert Stuart's “ Anecdotes of the Stoam- 
en(pue;” but until the days of Taylor and Bell the idea of 
a steam-vessel wont completely to sleep, for it is inseparable 
from the course of events that every one who has rendered a 
great sorvioo to mankind by any new invention, the objects of 
which are misconceived or misunderstood, has bad to complain 
of the neglect of his own generation and time. The real recom¬ 
pense in such oircumstances is the consciousucss of doing one’s 
dui^. Bren Fulton, the introducer of the steamboat in Ameri¬ 
can waters, hod the mortification, at first, of being treated as 
an idle projector, whoso schemes would be ruinous to himself 
and useless to the world. He was treated as a visionary, and 
“the new water-vohiole” was over an object of ridicule till 
lannohed. *' Their language,” be says, “ was uniformly that of a 
sneer or soom. The loud laugh often arose at my expense; the 
dry jest; the misoaloulation of losses and expenditure; the dull 
but endless repetition of the ‘ Fulton folly.’ Never did a single 
enoonraging remark, a bright hope, or a warm wish oross my 
path! ” But Fulton, like Henry Bell, was fated to rise snporior 
to the disappointments which usually besot the authors of groat 
and important inventions. 


PRACTICAL PERSPECTIVE.—XII. 

We now continue the subject that was commenced in the last 
lesson, rcimuting tho entire illustration to savo stadeuts the 
trouble of roforenoe. 

Fig. 58 is a view of tho same prism when tho triangular end 
is at right angles, and consequently tho edges of tho prism are 
parallel to tho piano of the picture. 

Having fixed tho position of the point A, draw a lino from a 
to tho centre of tho picture. 

From A sot off A b, equal to tho base of tho triangle, and 
from B draw a lino to tho point of distance, cutting tho lino a c 
in b'. 

A b' will roprosoni tho perspective appearance of tho base of 
the triangle. 

From A or B mark off f, the middle point between a and b, 
and from f draw a lino to tho point of distance, catting tho 
lino A n' ill f'. 

At f' erect a perpendicular. 

Now it will bo olcivr that tho apex of tho triangle will bo 
situated upon this lino, and tho nc.xt stop must bo to doto^mino 
its exact position. 

At A erect a perpendicular, and mark on it the real altitude 
of the triangle (whetlier equilatoral or otherwise) a c'. 

From c' draw a line to tlio centre of tho picture, cutting tho 
lierpeudioulor v' in c", which point will bo tho apex required. 

Join A c” and b' c", which will complete tho perspective view 
of the end of the prism at right angles to the piano of the 
picture. 

We now proceed to project tho prism itself, tho length of 
which is parallel to the plane of the picture. 

From A set off a d, the real length of tho prism, and from i) 
draw a line to the oentro of the picture. 

From b' draw a line parallel to A d, catting tho lino drawn 
from D to tho centre of the picture in the point k. 

A' o B b' will then bo tlio perspective view of tho plan of tho 
prism in this position. 

From F' draw a horizontal line, catting c e in o, and at a 
erect a perpendicular. 

iVom o” draw a horizontal, catting the perpendicular in H, 

Draw » H and b h, whieh will complete the figure. 

Let tts next oonsider the object when standing on its tvi- 
angBlav end, in which position, of course, all the ^ges of the 
prism will be vertioai (Fig. SP). 

We will in this elementary study suppose the object to stand 
at equal angles’—-that is, in such a manner that tho sides facing 
the spectator rsoode eqnally from tlie piotnro-plane, in which 
oaso tile tiiird side, A b' x D, which in both the pravione figures 
formed the plan, will be upright, and parallel to the plane Of the 
piotnre. 

Now tJie student who has foUo#od tho lessons thus Ux will, 
know that for the projeotioa of objects in angnlar perspective I 


i it is nooossary, in the first case, to find the station-point, the 
vanishing and measuring points, and he will, no donbt, remember 
'that tho distance of the station-point from the centre of the 
picture is equal to that of tho points of distance, and therefore, 
a porpondic^ar having been drawn at C, the distance a fd set 
off upon it from o wiU give s, the point of station. 

At 8 draw a horizontal line, and oonstrnot the angles at 
which the sides of tho object recede from the picture. In the 
present case it will bo clear that us the sides of tho object itself 
are at 60° to each other, and as the prism is to be placed at 
oqnal angles, there wUl bo throe angles of 60° each meeting at S. 

Prodnoo the sides of tho middle angle of those throe nntU 
they meet tho horizontal line, and thus give tho vanishing- 
points. 

It will bo remombered that, to find the mcasnring-points, the 
length from tho vanishing-points to tho station-point is sot off 
on the honzontal lino, and when this is done in the present iu- 
stance it wUl be seen that tho moasuring-points beoomo ooin- 
ddont with the vanishing-points, since tho figure contained by 
the two vanishing-points and tho station-point is an equilateral 
triangle. It will, of course, bo understood that this could only 
occur when tho object is placed at equal angles. 

Having, then, found the necossary points, and having fixed 
tho position of the nearest angle of the object at c', draw lines 
from this point to tho vanishing-points. 

From o' sot off on tho piotnro-line o' A and c' n, equal to tlio 
real side of the equilateral triangle ; and from a and b draw 
linos to tho moasuring-points, cutting tho lines drawn from c' to 
the vanishing-points in a' and b'. 

Join a' b' by a lino which, if tho work bo correctly done thus 
far, will bo horizontal; Imt this would not bo the case if the 
object did not stand at equal angles. At c' draw c' H, etjual to 
the real length of tlio prism (A d in tho two provions figures); 
from H draw lines to tho vanishing-points ; and from a' and u' 
draw perpendiculars, cutting those in o and E. 

Join o E, which will complete tho projection ; and it will bo 
soon that, as required, tho distant side a' s' e 1 > will bo parallel 
to the plane of tho picture. 

Exebcise 46. 

Tho scale is j inch to the foot; height of spectator, 6 foot; distance, 
18 feet. Tho subject is a prisni, the end of which is nu equilateral 
triangle of 4 feet side, and tho length of which is K feet. The same 
dimensions and ohi'cct are used in Exorcises 47 and 48. 

Put into perspective tho prism when lying with its end parallel to 
tho piuturo-plaue. and at 6 feet within the picture, and 5 feet on tho 
left of tho spectator, 

Exebcise 47. 

Put into iierspoctive tho same prism when lying at 9 foot within 
the picture, its edges beiug parallel to the picture-plane, and its tri¬ 
angular end being 5 feet on tho right of the spectator 

Exeucise 48. 

Put into perspective the same prism when standing on one of its 
trianguhir ends, one of its long edges tieing at 3 feet on the right of 
the spectator, and tho side of the prism on tho right of that edge re¬ 
ceding at SO'' from the picturo. 

Exebcise 49. 

Qive the perspective view of the object when standing at the same 
angles as that of the lost exorcise, but its nearest edge to be at S feet 
on the left of the speotator, and 8 feet within the picture. 

Exebcise 50. ^ 

Put into perspective the same prism when lying on one of its sides, 
so that its triangular end is vortical, and reoedos from the picture at 
40°, the nearest angle being at 4 feet on the left of the spectator, end 
8 feet within the picture. ^ 

In the next study the scale we have adopted is inoh to the 
foot, the height of the speotator being 5 feet, and the distance 
16 feet. 

The subject of the study is a pyramid, the base'of which is 
an equilatoral trianglo of 4 feet side, and the height of which is 
4 feet 

In Fig. 60 A B o' is the plan of this pyramid, from which it 
will be seen, that it is placed at angles of 50° and 70° to tho 
picture-plane. 

TherMore at the station-point oonstmot angles of 50° and 
70°, and obtain tho vanishing and measuring points in the 
us^ manner- It will be observed that neither the station- 
point, the firat measuring-point, nor the poists of distance, <ao 
shown in this diagram. 
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In oommotioing Pig. Cl, mark off tiie vusition of the point a : From G draw a lino to tfS, cutting the perpendicular u in f. 
at 2 feet on the right of tl^ speotator, and draw linos from a to Then f is the apex of the pyramid. 

the Tanishing'points. | Draw a f, jb' f, and c' f, and the projection win bo completed. 

Prom A set off B and c', equal to the length of the sides A b i We now proceed (Fig. G2) to put this object into perspective 

and A o' in the plan. From those points draw lines to the when placed 3 feet back in the picture. 

measuring-points, cutting the lines drawn to the vanishing- Let A be the point at which the angle of ilio pyramid would 
points in b’ and c'. Join b' and d, and tho triangle thus formed be situated if it were in the foreground. 

will be the general outline of tho plan. From a draw a line to the conii'o of the picture; from A set 



It is now nooossary to find the centre of this figure, and to do 
this wo must return to tho plan (Fig. CO). 

Draw linos bisecting tho angles of tho triangle A b d. Thc.se 
will form plans of the edges of the pyramid, and mooting in tho 
contro, give the plan of tho apex. 

ProduQO these lines until they meet the sides of tho triangle 
in th) points a, h, and c. 

Set off tbeso points hetwoon a b' and A c' (Fig. Cl) on the 


I off A X, representing the real distance which tho object is to bo 
placed backward. 

! From X drawn, lino to tho iiuiiit of distance (not sliowti in tho 
plate), cutting a c in a', which will bo tho required pubitioii of 
' the point; and through a' draw the movable base-line. 

; Now from A sot off a n and A d, equal to tho length of tho 
' sides; also, between them, tho points a and &. 

From B and d and from a and b draw lines to the centre of 




a 



piotupe-line—viz., a and h; and from them draw lines to tho 
vanishing-points, ontting a b' and a c' in d and b'. 

Prom a’ and 6' draw linos to tho opposite angles of the plan 
b' and d. These intersecting will give n, tho centre of tho 
plan. 

Prom A draw a line through d, and produce it to cut the 
horizontal line in vpS. This would be tho vanishing-point for a 
plane resting on An. 

Now, to find the iicrspootive heigU, erect a perpendicular at 
A, and mark on it b, tho real height m tho pyramid, in thU case 
4 feet. 

At D ecoot a perpondioular of indefinite height. 


tho picture, cutting flic movable base-line in n, c", a', and 6'. 
Tho working is now prooisoly similar to that of Ihn lost figure, 
excepting the mode of finding tho height; iu ordin-, therefore, 
that this may bo made clear, tho process will, as far as is re¬ 
quired, be repeated. 

Prom a' draw lines to the vanishing-points, which, as the 
object stands at tho same angles as the last subject, are those 
already used in Fig. 61. 

Fjom B' and c* on tho movable bose-lino draw lines to the 
measuring-points, ontting tho linos drawn fiOW a' to the vanish¬ 
ing-points in b" and c". 3q^ those points, thus complotiBg the 
general outline of the plan. 
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Next diaw lines from of and h' to the measuring-points, cntting 
a' b" and a' c" in a!' and V\ 

From a" and V" draw linos totho opposite angles of the plan; 
and those intoraooting will give the centre, i). 

Prom a' draw a line tlirough this centre, meeting the hori¬ 
zontal lino in vi'3, being the same l)oint to which the oorre- 
sponding lino in Fig. Cl vanishes, because the planes, standing 
on these linos in both objects, would bo parallel to each other, 
although the one wore in the foreground and the other in tho 
distance, so long ds tho angles they make in tho picture-piano 
ore the same. 

It now romains to find tho height. To do this, erect a per¬ 
pendicular at A, and mark oil' on it a g, ccpiul to the real height 
of the pyramid. 

At A' oroot a perpendicular, and from e draw a lino to tho 
centre of tho picture, cutting this in e'. Tho height a e is thus 
removed 3 feet backward in a track at right angles to tho piano 
of tho picture. 

Now on D, the centre of tho plan, erect a perpendicular, and 
from E' draw a lino to vrS, cutting it in r, which will give tho 
apex of tho pyramid. 

Draw a' r, ii"k, and c''f, which will coinploto tho figure. 

Exekcise 31. 

All the conditions ns to scale, height, and distance of the spectator 
being the samu as in tho lost plate, 

Put into perspective a pyramid, tho base of which is aa orinilaturul 
triangle of !i foot side, tho height being 7 foot, when its nearest angle 
is at k feet on the left of the 8X>ociator, aud when one side of tho iilun 
is at (>5° to the i>ictare. 

Exercise ,52. 

Givo tho perspective projetilion of the sumo object when at a dis¬ 
tance (at pleasuro) on the right of the spectator, and 8 feet within tliu 
picture. 

Exercise ,33. 

Scale, £ inch to tho foot. Height of spectator, 5 fool; distuucc, 
1.5 foot. 

Put into jierspoctive n pyramid, the base of which is a ujuare of 
4 feet side, and tho height of which is 7 feet, when one angle is iu tho 
immediate foreground, tho sides of tho plan recoding at 90^ and 40°. 

Exercise 54. 

Scale, j inch to the foot. Height of spectator, 0 toot; distance, 
IS feet. 

There is a cniic of 4 foot side, on which rests a sijiiaro pyramid, tho 
hoBo of which coincides with tho top of the cube, uud the height of 
whloh is 5 foot. 

Put this olijoct into perspective when standing at G feet on the right 
of the simetator, and B feet within tho pieturo. 


CHEMISTRY APPLIED TO THE ARTS.—XII. 

BI GEOBOE GLADSTONE, I’.C.S. 

ALUM. 

Aldai, in a ohomical sonso, has a wider rango of moaning than 
what is intended in this paper, whore we shall coniine our atten¬ 
tion to tho alum of commerce. This article consists of a donblo 
unlpbato of aluminium and potassium, or aluminium and am¬ 
monium, combined with 12 atoms of water; and is ropresontod 
by the formula K.AI, 2 S 04 , 12 H 20 , or NH 4 Al, 2 S 04 , 12 IIj 0 . 

It is used in tho arts for a variety of purposes, perhaps the 
most important of which are in dyeing and calioo printing. It 
acts there as a mordant, and will he found frequently men¬ 
tioned in the _ earlier papers of this scries, whioh treat of 
those two aubjeots. It has, however, a variety of other uses. 
The tallow-chandler employs it to harden Ids tallow when 
it ia too soft. It is used in leather-dressing; and tho doctors 
often prescribe it, on account of its astringent properties. Tho 
bokw puts it into bread, to prevent tho conversion of tho staroh 
into dextrine, making the bread dry and white, but at the same 
time rendering it less nutcitioas and digestible. 

The alnm-worka in this ooiuitry are not very numerous, os 
they can only be oanied on saocessfully upon tho very spot 
where the prinoipal ingredients ore found. By far tho most 
important are in tho ndghboarhood of 'Whitby and of G^laagow, 
in both whicih plaoea good alnm-shales occur. It takes at 
Whitbjr about 130 tons <a dude to produce one ton of ainnt; ao 
that erai the smaUsat charge for outage of the ronj^ material 
irottld be ruinous to the manufaotum. i 


The 'Whitby shales occur in tho Lias formation, and are of 
two varlotieB. The one oontoins about 4 per cent, of sulphide 
of iron, 5 per ooiit. of carbon, and 19 per cent, .of alumina; tho 
other about the same quantity of tho latter, with 8 per cent, of 
each of tho other inprredienta named. Tho rest ia principally 
silica: of lime, whioh is very prejudioial to the alum-m^ox, 
there is only 1 to 2 per cent. 

The (Jampsio shales, near Glasgow, belong to the Carbo- 
nifototts series of rocks, and vary muoh more in their coni- 
jjosition. What is known as the “ top rook ” eontaina about 
40 per cent, of sulphide of iron, 11 to 12 per cont. of alumina, 
and 29 per cent, of carbon ; the “bottom rook” about 10 per 
cent., 19 iicr cent., and H per cont. rosxmctivoly. They do not 
coutain more lime than those of Whitl^. Those two slialea are 
used together, as tho “ top rook ” ooutains on cxcosa of sulphur, 
and the “bottom rouk” an excess of alumina; if used separately 
there would bo a very great waste of inateriulH. 

Tho first stop in the manufnoturo is tho roasting of tho shale. 
For tills pnriiOBO a very largo open space is required, os immense 
quantitio.s of material have to bu operated upon. The Scotch 
shales contain so much carbonaceous mattor that they might 
be calumcd without tho addition of any fuel—^;»yritos, when 
exposed to tho air and occasionally wetted, having a. groat 
tendency to spontaneous combustion—tho dooom{K>sitiou ol 
sulphido of iron being attended with much ovolntiou of boat. 
Tho heaps ore commenced, however, by making a row of little 
liros, and covering them with some loose stones or bricks iu 
order to form air-p:issagcs ; upon tlio fires are heaped up lumps 
of shale, and as those begin to burn, more is thrown on until 
tho heap forms a long ouutiuuons ridge, wliicb, when mantled, 
is about 1.50 foot lung, 20 broad at the baso, and 15 high. Tho 
mantling consists of a layer of old material^ tluit has airciuly 
been exhausted, which is put all over it tD moderatq tho 
combustion, as without this the sulphur wpuld be liable to be 
volatilised and lost. It also servos to iirotect the heap from 
tho chatigoahlenoss of tho climate, winds, and rain. During the 
provalenco of high winds, it is often, necessary to increase the 
covering, in order to provont too brisk a combustion, which 
sometimes oven causes tho sulpliido of iron to mix witli tho 
earthy substances, and run into a kind of slog, when a loss ol 
produce is the result. The oaloiuation of the shalo reqaims thceo 
to twolvu months’ time, according to the weather, including the 
cooling down again after tho roosting is over; this is effected 
by iucroasing the mantling, so as to oxedudo the air ultugethor. 

At Whitby tho heaps are made of a dilTeront form. They 
arc there piled to 80 or 100 feet in height. In order to prevent 
so largo a bulk of shalo from becoming too hot in tho centre, it 
is mixed with some of tho exliausted mine, aud oarofally watched, 
that the mantling may bo inoreased whenever nooossory. 

In wet weather little chauuols ore made round tho heaps to 
carry off tho water which may have drained from them, as it 
generally ooutains some qiuuitity of sulphate of aluminium 
which it has dissolved out. To keep up a continuous supply of 
roasted ore, the material is not all put into one heap, but is 
divided amongst soverol, which are commenced in sueoession, bq 
that some ore in different stages of advancement while what is 
flinshod is being put through the next process. 

During tho roasting tho sulphide of irou has been decomposed, 
and tho sulphurio acid liberated has entered into oombinatiou 
with tho alumina, forming a solnhle sulphate whioh has now to 
bo removed from tho earthy ingredients of the oalcineil shale. 
This is accomplished by lixiviation with water. 

In the immediate neighbourhood of the calcining ground orb 
shallow cisterns of lead or stone, into which the roosted shffib 
is put, ^nd spread out evenly to a depth of eighteen inohes.* 
Water Is then let in through a series of taps until the shale is 
quite covered, and ia allowed to remain for twelve hours; it 
is then drawn off into the elarifymg cistern, where it is loft to 
settle before passing to tho evaporating pans. A fresh supply 
of water is let in upon the burnt shale as before, which, in its 
turn, passes into the clarifying oistem and the evaporating 
pans; a third is then introduced, but by this rime the shalo is 
nearly exhausted of its soluble ingredieuts, and the liquor drawn 
from riiia washing h usually too weak to be evaporated down 
with profit, 80 it is reserved to wash some fresh material. A 
nnmbw of these lixiviati^ oistems, or ” steeps,” ore generally 
ranged together, so that the weak liquor from one oan be made 
to saeve for the Bist wnriusg ia another ste^ the mean- 
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time the oxhanated shale is temorod, fltad a fresh supply ia 
istroduoed from the calcining heap. 

The lye which cornea from these washings, after- Itaving 
deposited in the (dexifying cistern the earthy particles earned 
off with the liquid, oontaina, along with tho sulphate of 
ainmininm, a good de^ of sulphato of iron, or groou vitriol; and 
also, at 'Whitby, sulphate of magnesium, or Epsom salta. As 
both of these artielos are of commercial value, tho making of 
Gopperaa, or green vitriol, and of Epsom salts, forms a port of 
the business of the alum manufacturer. If it is found that 
there is more sulphate of iron than aluminium, which is not 
unfreqnently tho oa.se, it is usual to remove the iirst; thin can 
be done by oryatallising it out, either by simple evaporation, or 
by adding at the saino tiuio some old iron. If less in quantity, 
the whole is boiled together, with tho view of throwing down the 
alum first. Tho main ol)jeel of this iirooess is to get rid of the 
large uxcoas of water, and thus concentrate tho sojution. Tho 
plan must economical of fuel is found to bo that of having very 
long flat troughs, with a furnace at one end aud a tall chimney 
at the other, tho flue pus.siiig over the trough, so that tho flames 
from tho surface sweep over the surface of tho lye in the'troughs, 
raising tho temperature of tho licjuid very rapidly, and carrying 
away up tho chimney all the vajiour of water as fast a.s it is 
given off from the surface. Troughs built upon this imnciplu, 
and covered with a roof to ])rovout loss of heat by radiation, 
GO feet in length, G wide, and d deep, ore aapablo of evaporating 
nearly 5,000 gallons in ad hours. In those works where Epsom 
salts are also msule this yilaii of evaporating cannot be adopted, 
for in that case tho sulpliatc of magnesium would be liable to 
crystallise out, and form a crust on the surface of tho lye, thus 
impeding tho further progress of tho evaporation. 'I'hero tho 
flue from tho si^aco is made to pass under the evaporating 
pans, and tho h(mt is communicated through the metal bottom. 
Tliis plan is not so economical of fuel as tho other; and tho 
metal at the bottom of tho pans is very liable to siilVer, much in 
tho same way as boilers do, from the precipitation of some 
aodimout. It is found best to use Tiaus lined with lead. 

Tho boiling of tlio l^'o is cai-rii’d on until all tho snperfltious 
water is driven off, and tlicro is only suflicieut left to retain tho 
sulphate of aluminium in solution, oven wlieu it has compicbdy 
cooled down, if it wore curried beyond that point, tho salt 
would begin to crystalliso out, which would necessitate its 
being dissolved again iircparatory to tho next step of the 
process. 

Tho ooncentratcil liquor is run from tho evaporating cisterns 
into large tanks, where it is allowed to become qnile cold. 
Hero it is that the potussic or anunoniacaJ salt is added, and, by 
combining witli the sulphate of aluminium dissolved in tho 
liquor, forms ttio double sulphato, alum, which, being only 
slightly soluble in cold water, is thrown dutvn in crystals. To 
m^e potash alum, either the neutral sulpiiate or the chloridu 
of potassium can be used; tho latter article, famiiiai'ly known 
as “ soap-boilers’ waste,” can re-adily bo had in large quantities 
from the soap-works. In making ammonia alum, the refuse 
liquor from gas-works is used, which is convorti'il into tho 
sulphate of oniraoninm by treating it with sulphuric acid. 

' Having asoortained by tasting tho exact per'-centago of 
Sulphate of aluminium in tho tanks, it is a matter of simple 
oaloolation to arrive at tho quantity of cither of those salts 
wbiob will eombiup with it to mako the double salt. This is 
disBolvefl in the smallest i)OSHiblo quantity of hot water oddod 
gradually to the liquor in the tanks, and tho two mixed up 
togpther by vigorous stirring. As soon as they have properly 
combined, the alum is deposited iu small crystals all round the 
and bottom of the tank, which i.s shovelled up and. thrown 
out by the workman. After tho mother liquor has drained off, 
tho orystalB are washed with as small a quantity of cold water 
as possible, to remove any adliering impiuitius. Some alum is 
ueoesBuily dissolved off at the same time, but that can bo again 
recovered, so that it is not wasted. 

Both the purity and size of the crystals of alum can still bo 
eonsider^ly improved, and therefore tho process does not end 
hen. TUfs “ first alum,” as it is called, is boiled up witli sto^ 
in a large stone cistern, water when boiling being able to dis¬ 
solve abtmt twenty times os much alum as when.culd; it is thou 
(doaod up, and loft for about twelve ^onrs to settle. The itn- 
pnrttieB wbuA may have escaped the lost operation having by 
that tbu bmnd ^eix way to the bottom of tho boiler, the alum 


solution is drawn off into cooling tanks, whore, os it cools, tho 
alum crystallises out. A very peroeptible imprevement both in 
the whitenoM and the size of tho crystals will bo seen at this 
stago, but it again passes through a somewhat similar pro¬ 
cess, which brings it up to the desired standard. Tho crystals 
are laid upon perforated shelves in a steam-chest, and again 
dissolved; us this proceeds tho hot alum-liquor runs down to 
the bottom, mid is drawn oft' through a pipe into the rocking- 
casks, whore it is loft to cool. Tlio crystals soon cover all the 
sides, and gradually extend inwards towards tho centre of the 
casks. Those are then uuhooped, and tho staves removed, the 
mass of alum being left standing thus for several days to ensure 
that the crystallisation in tho interior is complete. Some holes 
are then made ia the side of the mass, by which to draw off 
the motlior liquor remaining, and tho alum is then ready to bo 
I sawn into blocks and sent to market. On the inner side tho 
alum is then seen to be very beautifnlly crystallised, in large 
octahedral crystals. 

In tho foregoing description wo have considered tho ordinary 
proecsHOs of preparing alum ; but tlni iron, wliich performs an 
important function in tho first stage, is never entirely got rid of 
in tlio subsequent ojieratious. the result being that alum contains 
about O'la imr cent, of iron in tho condition of ferric sulphate. 
Even this trace is objeetionable in dyeing. An alum absulntoly 
froo from this iuijiurity is prepared to sumo extent from 
cryolite, a iuinor.il principally imported fixmi Greenland, which 
is a double fluoride of alnmitiiam and sodium (AljEj -1- 3NaE). 
'I’ho cryolite is lieated with tliree times its weight of strong 
snlphurio acid, which reduces it to an anhydrous sulphate of 
alumina and acid sulphate of sodium, tho hydrofluoric acid 
behig given off; tho sodiiini salt is washed out, and tho sulphate 
of aluraininm digestinl with w,ann water, to which sulphate of 
Xiotassinm is then added. 'J'ho reaction is thou tho same as 
already described, and the pure alum crystallises out. 

Some very good uluni,s arc made in tho volc.anio distriote on 
tho Continent, wliere earllis rich in the most important ingre¬ 
dients ore found, small crystals of native alum even occurring in 
some places. iSoino of tho Italian alums are highly prized, on 
account of fhnir purity. 

In some countries alum is made with sodium, instead of potas¬ 
sium or ammonium ; bnt it i.s not so convenient for tho monn- 
facturur, on ueeouiit of being miieh more solnblu in cold 
water. 

Tho chemical constituents of alum arc very widely spread in 
Nature; and at a jirico it could be iirodneod in a great variety 
of ways, and from very difforont materials. It is not unlikely 
tlint some of tliuso inny one day bo rendered more generally 
available. J''elspar (a very common ingredient of igneous 
rocks) is a double silicate of aluminium and potassium, and 
allrito of uliiminiinii itiid sodium; both tliese can bo converted 
into alum by reiihmmg the silicic with sulphuric acid. Clay 
is a silicate of alnmininm, and this also can bo made available 
fur the purpose, by trentiiig it with sulidiuriu acid, and tho 
addition of onu of the alkalis. 


WEAPONS OF WAB.—XI. 

BY AN Ol’I'if'r.K OP THU eotai, aetilleby. 
iUFi,i:i) 

Thb superiority of rifled guns in point of range and acouraoy 
has been rocognised by iiitilluriRts for more than two oonturies 
bock, and various have bciTi the attempts during that period te 
construct pieces able li> slioot elongated projectiles rotating on 
thoir longer axis; but Ibcso attempts one and all failed, in 
eonsoqnenoe of the backwiu-d state of uiochoiiical and metallnr- 
gieal soienoe. It was not. however, till tlio general introduction 
of rifled small-arms during the Crimean 'War that rifled guns 
became actually iieeossary, in order that artillery might remain, 
as before, tho principal arm on the field of battle. 

“ Such being the state of tho case, it was indeed fortunate 
for the ascendancy of artillery that, owing doubtless to the 
spread of railways, suspension bridges, etc. etc., the requisite 
improvement in metallurgy and in moobanical appliances should 
have opportunely taken place In recent years. It is only lately 
that*the manufacture of cast stool ns a material for rifled 
ordnance has mode rapid progress, whilst the difficulties which 
used to attend the forgiztg wrought iron in large masses were 
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HO groat that a heavy anchor ivas ono of the greatest oohieve- 
meats of the forge-master nntil the oomparatiTely reeent intro- 
dttotion of Btoom-hammera enabled him to forge one modem 
momter gnna; and, thanks to the able meobonioianB of the day, 
wo hove now rifling machines so perfect and easily manipulated 
that the operator oouM, if ho pleased, engrave his name in the 
bore of a gnn, and, withaJ, bo imourate is their-action that they 


ae a gun of the eanie weight and shape made out of a Solid 
forging.” 

The first gnn Sir William Armstrong brought to the notice of 
the War Office was a breech-loading 3-pounder, with poly-groov^ 
rifling, and lead-ooatod projeotiles—in foot, a type of what is 
commonly called the Armstrong gnn. It was tried in 165S, at 
the School of Gunnery, Shoebnryness, in Essex, and made 
remarkably good practice at long ranges. « Heavier gnns.^ the 


work true to less than T.ibnth of an inch, a dimension which can , remarkably good practice at long rMges. , Heavier gun8.<* tbe 
now be very easily measured by moans of a Whitworth’s micro- ; same description were subsequently taed; and having proved 
meter but which is fifty times too minute to bo ascertained by | their olaims to accuracy, strength, and range-power, toe exMl- 
J.I.. lenoo of toe system 



toe primitive mea¬ 
suring instruments 
of the lost genera¬ 
tion of mechanics. ’ ’* 

Onr limited space 
prevents us going 
further into too rea¬ 
sons why a rifled 
gun should be mado 
of stronger material 
and oonstmotion than a smooth-bore, beyond stating that the 
rifled gun is required to give a spiral motion to on elongated 
projectoe about 21 times heavier than the ball which is simply 
projected from too smooth-bore gun of the same calibre (diameter 
of bore); so that there is a good deal more strain on the former 
description of gun than on the latter. We must say, however, 
toat tois increased etroin could not, as a general rule, be mot 
by merely increas¬ 
ing the weight of 
the piece, for it is a 
well-known fact that 
the strength of a 
-founder is not in 
proportion to its 
tbiokness, and that 
in too case of a 
ponderous gnn of a 
too weak material, 
the interior would 
be ruptured before 
the exterior por¬ 
tions oonld come 
into play. 

Mr. (now Sir W.) 

Armstrong was the 
first in this country 
who brought a system of rifled ordnance to practical perfection. 
The principles of his gun-construction consist essentially— 

“ First, in arranging the fibre of the iron in the several parts 
80 ae best to resist the strain to which they are respootively 
exposed; thus too walls or sides of the gnn are composed 
of coils with the fibre running round the gnn, so as to 
enable the gun to bear too transverse strain of too disohorgo 
-without bursting, 
whilst the breech 
end is fortified 
against the longi¬ 
tudinal strain, or 
tendency to blow 
the breech out, hy a 
solid forged breech- 
pieoo with the fibre CAS CHANNEL' 
miming along tbe 
g^ Secondly, in shrinking on the snooessive parts together 
wito tensions so regulated that each part shalt do its due pro¬ 
portion of work on the discharge of the piece; tons the outer 
ooils oontribnte their fair share to the strength of the gun, 
whereas hi an ordinary homogonoona gun the inner portions 
receive the brunt of the explosion, whilst the exterior ones are 
hardly affected by it at all. 

a oombination of these two principles (which are 
applicable alike to breech-loaders and mnxzlo-loaders) a gun 
is obtained which may bo eolcnlatod to bo twice as strong 

* This and the succeeding pamgmplis in inverted oommiis are 
extmeted from patera on the auhject pnblishsd in tile Bopal Artillery 
Institution yrocieedisgi^ by Oaptain £toney, B.ls« AsSutBint-finper- 
Intendeut Kegrri Omi X’aetisief. * 


was ooknowledged, 
and the whele se¬ 
ries of Armstrong 
breech-loaders, from 
too 6-pottnder, of 3 
owt., to the T-inoh* 
(lOQ-ponnder) of 82 
owt., inoluding toe 
9-pounder and 12- 
pounder field-guns, too 20-ponnder guns of position, and toe 
40-ponnder siege-gruna, was issued for land service, and similar 
guns were also distributed through the different olasses of 
vessels in the navy. 

All these breech-loaders are mode altogether of wrought iron, 
each gun consisting of a coiled inner barrel, a forged tmnnion- 
ring, and one or more coils, according to its size; for example, 

too 6-ponnder has 
only ono coil, whilst 
the 7-inoh has six. 

The gun is loaded 
through a hollow 
Kcrew, called too 
“ breech - screw ; ” 
the “ vent - piece ” 
(so called bccanse 
the vent goes 
through it) is then 
dropped into too 
“ slot,” and the 
breech-screw being 
sorewed up by 
moans of the 
“ lover,” the brooch 
is closed, and esoapo 
of gas completely 
prevented by means of copper rings on tho face of the vent- 
pieoo and end of tho barrel. The annexed illustration (Pig. 1> 
of a portion of tho 6-poundor will explain the breech arrange- 
mont bettor tlian a page of description. Tho rifling is “ poly¬ 
groove ” (we are not responsible for too etymology of this word); 
and tho “ grooves ” and “lands” are nearly of tho same dimen¬ 
sions in all the natures, tho only difference being in the number; 

thus the 6-ponnder 
WjQ. 4 has 32 grooves (see 

■ Pig. 2), whilst toe 

7-inob 76. 

The Armstrong 
bteeoh-loading guns 
wore used in adtive 
service iif <3Mna, 
Mew Zealand, and 
Jaxwn, and answssed 
remarkably well. Why, then, ore muzzle-loaders more in favour 5. 
Beoauso it has boon proved by experiment that they are equal to 
tho breooh-loadors in range, rapidity, and precision of fire, and 
much superior to them in the simplicity of their fittings and 
ammunition, os well as in their non-liability to wear. There are, 
no doubt, advantages on tho breech-loading side, and we think 
tho Prussian field-gun, -with the fcrupp expanding wedge and the 
Broadwell copper gas-chook, a simple and effioiont breech-looder, 
but we do not think that any system of breo<fi>-loading has yet 
been found sufficiently safe, handy, and durable for heavy guns. 

-* Bdow 7-iiito Calibre a igled gnu is designated by tbe weight of tbe 
shet^^ad its own wcl^t; 7-isch gnns and upwards are Saaignated by 
toe oaUbre; and tbe weight is expressed in cwts., unless it fa S toiu or 
upwards, in which case it is expressed is tons. 
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In abort) a breeoh>loading; jumngement oa a small scale, as in 
reeolrars, infantiy rifles, etc., is exceedingly oonTenient and 
Batiafisctcgy, bnt the difficulty of obtaining perfection of 
mechanism and ease olf manipnlation increases with the size of 
the weapon; and hence it is that when the introduction of 
armonr>plat^ ships necessitated ordnance of great penetratiTe 
power, the British artillery antborities, after long and ex> 
hanstive experiments, adopted muzzle-loaders, and this loads ns 
to onr muzzle-loading rifled guns. 

The largest .gun in the English service is the muzzle-loading 
rifled gun of 35 tons, or 700-poundcr, and the smallest muzzle¬ 
loading rifled gun is the steel 7-ponndor mountain-gun, which 
was used in Abyssinia, and weighs only 150 pounds, that is, con¬ 
siderably less than a quarter of the weight of the projectile for 
the 35-ton gun. Indeed, it is absurd to see one of the big guns 
side by side with one of the little guns, and it is no wonder to 
learn that they are respoctiTely spoken of as “Dignity” and 
“ Impudence.” 

No other nation has got such powerful guns as wo have. 
Herr Kmpp, of Eason, the great German steel gun manufacturer, 
exhibited in Paris, in 1867, a breech-loader weighing 50 tons, 
and intended for a 1,000-ponndor, but we believe it has never 


character, is capable of checking and counteracting any explosive 
tendency on the part of the st^. 

Up to 1867 all our heavy muzzle-loading guns were built up 
with many coils, like the breech-loaders, and fired (as they do 
stiU) projectiles having two studs for each groove, the number 
of grooves increasing with the size of the gun—^tho 7-mcb 
having three grooves, thcil-inoh six, and so on. Kg. 3 shows 
a full-size section of the muzzle-loading groove. 

“ The ‘ Woolwich ’ guns built on this system, and lined with 
toughened steel, are sound and strong; but from tiie fine iron 
used, and the great number of exquisitely finished coils and a 
forged breech-piece, their manufacture was very costly; and as 
it was probable that several heavy guns would be required, the 
War Office pointed out the desirability of procuring some cheaper 
plan. Accordingly, the attention of the Boyal Ghm Factories 
was devoted to the question, and their efforts have boon crowned 
with snocesB. First, a cheaper iron, sufficiently strong for the 
exterior of the gun, was obtained; and, secondly, the plan 
which was proposed by Mr. Fraser, the principal exeoutire 
officer of the department, was found to be less expensive thn.n 
the originll one. 

“ Mr. Fraser’s plan is an important modification of Sir W. 



boon fibred. Bnssia and one or two other Continental powers 
have provided themselves with Krnpp’s steel breech-loaders, 
from 300-poundcrs downwards; while the remainder have fol¬ 
lowed our example, and adopted the heavy Armstrong muzzle- 
loaders for their ships and forts. 

The 7-poander mountain-gun is mode out of one block of cost 
steel, bored out and tempered in oil; that is, the block of stool, 
after being roughly bored out for the barrel, is put into a furnace, 
where it is raised to a high heat, and then plunged into an 
adjacent bath of rape oil, in which it is allowed to cool and to 
soak for1;wonty-four hours. This process not only strengthens, 
hardens, and toughens the steel, but also increases its elasticity; 

•Juaifot a small gun the material so treated may bo considered 
quite safe, and not likely to burst explosively. But a gun alto¬ 
gether of steel, even though thus improved, is of too snappish a 
nature to be tmeted to bear the great and sudden shock of largo 
discharges of powder, and so wo doom it prudent to coil the 
steel round and round with wrought iron, after Sir William 
Armsteong’s fashion; all our muzzle-loading guns,* therefore, 
from the new 9-ponndor field-gun, of 8 cwt., to the 700-ponndor, 
of 36 tons, are Itood with steel (which, from its statical stron^h 
and hardness, is the best material wc know of for withstanding 
the strain and friction on a rifled barrel), and have on the 
exterior otdled wrought iron, which, from its pliant and fibrous 

* 170 have also O-pounder field-guns altogatberot bronze for sotvioe 
in India, and aome M-pouudora converted from 32-pounder cast-iron 
■mooth-bozos, but these may be said to be exceptional pieces. * 


Armstrong’s, from which it differs principally by building up a 
gun with a few long double or triple coils, instead of several 
short single ones and a forged brooch-piece. Thera is less 
material, less labour, and loss fine working, and conat^uently 
loss expense required for tho ‘Fraser’ or present service con¬ 
struction.’’ 

For example, in addition to the steel barrel and casoabol screw 
(breoch-plng), a 9-inch gun of tho Armstrong or original oon- 
stniction consists of a forged broeoh-piooo, a B-tnbe, a trunnion- 
ring, and seven coils—ten distinct ports—shrunk on separately 
(Fig. 4); whereas a “ Fraser ” gun lias only two, throe, or four 
parts to bo shrunk on, according to the size of tho gun—tlio 
7-inoh and 8-inch having only two extra porta, the 9-inch three, 
and tho 10-inoh and higher natures four (Fig. 5). 

From the fewer parts and the cheaper iron employed, ilic 
Woolwich guns of tho present oonstrnotion only cost about .£70 
a ton, whereas those built on tho original plan cost J5100 a ton.* 

Without entering into tho theory of construction, it must bo 
sufficient to state that specimen guns of this cheap construction 
were tested to destruction, and wore proved beyond all doubt 
to be as sound and durable as their original prototypes; and wo 
have no hesitation in asserting that England now possesses 
the simplest, safest, and cheapest system of heavy ordnanoe in 
existenoo. 

To give an idea of the way in which our h(mvy guns are built 
np, we will take m the simplest example a 7-inc)l gun of 7 tons. 

• A oteel gun of Krnpp’a or Whitworth's ploa costfi about £170 a ton. 
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THE TECHNICAL BDUCATOE 


The gun oonsiste of only four Ruporato parts—namely, the 
A-tube, or iipier barrel of stool, tho ooscabel, the B-tubo, and the 
breeoh-ooil. 

The Bteol tnbo ia bored out of solid ingot to within a few 
tnohesof tho end; it is then toughened in oil, liko the 7'pounder 
mountain-gnu already described. 

Tho casciibel is a forged block of wrought iron, with a screw- 
throad cut on it. 

Tho H-tubo is formed by two coils joined togethor, each coil 
being made of ono long bar of wrought iron, brought to a high 
heat, wound spirally round an iron matvdrol, and then longitu¬ 
dinally wcldctl under a steam-hammer. 

Tho brooch-coil is somewhat inoro eomplioated ; it consists of 
a triple coil, a trunnion-ring, and a front double coil, nil welded 
togetlier. Tim triple coil is mode by winding throe rod-hot bars 
of wrought iron Bucoossively over ono another, and then, haring 
raised the mass to a white heat, welding it liko tho single coil, 
for the purpose of closing its folds (Figs. (1 and 7). 

The front coil is mode of two bars, in a similar manner. The 
trunnion-ring cannot be coiled, owing to tho projection of tho 
trunnions; it has, therefore, to bo bored and formed out of a 
solid forging of wrought iron. 

In order tt) join tho throe parts of the hrcoch-coil into one 
solid mass, tho trunnion-ring is expanded by heat, and dropped 
on a shoulder cut for it on tho triple coil; tho front coil i.s next 
dropped into tho upper portion of tho trunnion-ring, which is 
allowed to cool and cojitract, and thus bmd the two coils 
together (Fig. 8). The mass is then heated and welded, and 
finally bored and turned to tlio proper eiso and shape (Fig. 0). 

Tho parts of tho gun being all ready, they are put togethor in 
this way :—The steol tube (linvirig boon finely turnod) is placed 
upright in a pit, and tho li-tube, wliich is just too small to go 
over it when cold, is he,atc(l and expanded, and is thou diuppcd 
down on tho cliaso end of tho steel tube, %vJnch it gryjs in 
shrinking as it becomes cold (Fig. 10). Tho mass thus formed 
jp inverted, and the breooh-coil being heated, is sUrnnk on in a 
similar manner. Finally, tho coseabel is screwed carefully in, 
and thus tho gun is completely built up (Fig. 11). 

Some of our early rifled guns were manufactured by Sir 
Willmm Awnstroug and Co., at Klswick, Newoastlo-on-Tyne, 
whoro some cast-iron smooth-boiu guns nro stiM “ convortod ” 
for tho Government, on Major Palliser’s principle—that is, an 
old smooth-bore, a 32-poundcr, for example, is bored out and 
lined with a wronght-iron b.arrel, and converted into a rifled 
C4-poundor; but all our now guns, big and little, are now mudo 
in tlm Boyal Gun Factories at Woolwich, whoro 0,000 tons’ 
weight of guns of all calibres can bo manufactured in one 
year. It may, however, fix out ideas better to give tho actual 
guns wliich are to bo made daring tbo current year (1671). 
Th^aro as follow:— 


12-incli guns, of 3.'> tons 

(700 pounders) . . 

. 13 

11 .. 25 „ 

(.“.OO 


) . . 

. 10 

10 ., 18 „ 

(400 


) . . 

. (a 

9 .. 12 .. 

(350 


) . . 

. 4G 

7 7 .. 

(IIS 

• 1 

) . . 

. 28 

7 „ „ 

(115 

It 

) . . 

. :» 

Oi pounders, of 04 cwt. 



. 

. 35 

■10 35 „ 



. 

. i!t) 

16 12 „ 

. . 

. 

• . 

. ino 


All tho above are wronght-iron muzzle-loading rifled guns, 
lined with steel. There arc, in addition— 

Bronze 7-pouader mountain rifled guns, of 3 cwt. . I."; 
33-poundaT8, o( 58 cwt., converted to Bi-ponndore . 100 
pr^eetilo for the S5-ton gnn (TOO-ponndor) exceeds tho 
vroi^t of all those thrown from tho whole broadside of a 74- 
gUn ship m Lord Nelson’s time. So much has tho power of our 
guiis moreased since our last great naval battles! 


PRACTICAL APPLICATION OP THE PINE 
ARTS.—III. 

•ras ART OP GLASS-PAINTING. 

By P. H. DzLAHOTrs, Professor of Drawing, King's OoUego, London. 

TBS BABXrVACTDBS OF COnOITaSD QliABS. 

Thb manufooturo of glass for coloured windows has improved 
TOry mnoh -ct late years', yet it is oonfessed by one of the most 
Buooesafttl of modem muuifeofuiltrs that he has “ sorer hith^o 


boon lucky enough to find a single piece of modem glass equal 
for lustro ond strength of character to tho old manufootn^." 
It is well that this spirit of humility should posauas our manu- 
faotnrers, and should urge thorn on to oontinned exertions after 
still more perfect glass. Yet they have acquired a oonriderablo 
Icnowlodge and dexterity in their work, and in many respects 
tho results ate as good as can bo hoped for. 

A great impulse was given some years book to those who 
supplied the gloss-pointers with tho materials on which they 
were to work, by tho rosearohos and exporimonts of tho late Mr. 
C. Winston. Ho not only proonrod careful chemical analyses of 
different kinds of twelfth-century gloss, but he searched through 
the various records that liavo been left by old writers of the 
processes of inaimfactnro. Further than this, he oudeavoorod 
to procure the materials from the vory s^mts frequented by tho 
workmen of old, and ho omidoyod Messrs. Powell of Whitefriars 
to try various experiments for him in the manufooturo of difl’erent 
kinds of coloured gloss. Some of tliesn experiments wore highly 
suocessful, and those manufacturers, together witli Messrs. 
Hartley of Sundorland, and W. E. Chance of Hirminghani, 
have profited greatly by tho experiments of this amateur, ami 
they, especially the latter, have since followed np tho line of 
inquiry hero iiuiicatod, and lU-rivcd at results suflicioutly satis¬ 
factory, which, however, must be qualified with tho rcsoiTation 
given above. 

The process of mannfocturo ia much tho same as that adopted 
for tho various <ithcr kinds of glass, snch as that used for ti-an's- 
paront windows and for glass vossels; tho kilns and working pots 
aro the same, and perhaps in this may arise some of the defocts 
of tho modem glass, for in tho greater jjart of tho glass required 
now-a-dttys, the chief object is perfect transparency and honio- 
genoity; whereas in coloured glass, ono of the t>rinoipal beauties 
is the irrogularity arising from air-I)ubbloH and other imperfoc- 
tions. Tho early mauufoctnrcrs made use of open pots : now tho 
roceptacles for the molten glass aro cutiroly covered in, having 
holes at tho side, through which tlio material can bo extracted. 
The object of the covering is to keep out all kinds of iinpnritios 
that might be carried into tho pots by tho fnvnaoo, espepially 
gases which would favour tho dcoompositiou of the materials of 
which tho glass is composed. Now, no doubt these occasional 
interferences with tho mannfacturn caused the production of 
nil kiuda of irregularities, for Tlieophilns os))Ocially mentions the i, 
certain colours aro to be obtained by tho chance results of 
lengthy molting: wo in.ay conclude, thoroforn, that tho open pot.s 
facilitated the production of groat varioticB, some portions of 
which would probably turn out valuable. 

In onothor respect tliis manufacture differs from that of clear 
transparent glass. It was said before that the air-bubbles 
formed an additional b().auty in colom-od g1a.sH. I’aradoxicul as 
this may seem, it is really so, aiul tlio cause of the anomaly is 
this, that the air-bubbles “ hold ” the light; each little globe 
of air catobes tho beams as they attempt to pass through it, and 
refracts thorn with each change of medium, and in consoquonco 
the light which would pass obliquely through the pane is 
diverted in various tracks out of tho direct lino of tho sunsh^u. 
This causes an apiieoranco of glimmer frequently noticoablo in 
ancient gloss, and absent in much of modern, observably so in 
Gorman, glass. In order to produce those air-bnbbles, tho glass 
has to be used before it is thoroughly cooked, that is, it is nob 
melted BO fully or so long as if it wore intended to moke it 
homogeneous and transparent. Tho effect of those air-bubbles 
may be seen on holding two pieces of similarly coloured glas.s 
in Afferent positions in the direct rays of eiliicr sun or arti¬ 
ficial light. Pieces of glass that seem to possess similar SHloiir 
and brightness when scon ogainst a plain sky, have very difforcAt 
effects when catching some of tho slanting rays, according to 
tho amount of irrogularity in tho texture of tho glass. A 
variety, too, in tho thickness of the pane odds a charm whicit 
is very pleasing to the eye, which would become very wearied 
by looking at a flat surface evenly coloured. 

Tho oomposition of the glass is the some as that of a common 
glass of raiher a soft character, the main portion of Hie materials 
being the same in all cases. This groundwork is usually formed 
of silica, carbonate of soda, carbonate of potash, carbonate 
of lime, Ume, with a trace each of alumina, oommou salt, 
and sulphate of soda.*' To this oommon mass is added the 
vanous oolonzing matters. These are taken up and diuolved 
in the liquid glim without being ohemioally ccudbiBed with it< 
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Coloured glase, therefore, ia a kind of solution in glaaa of a 
metallic- oxide not in sufficient quantity to make the glaaa 
opaque, but enough to give rariona degrees of colour. Bine is 
produced by the addition of oxide of cobalt in various quantities 
and in various degrees of purity. The impuro oxide, just us it 
ia procured from the mines in Germany, appears to produce the 
pleasantest tint. Oxide of iron is sometimes added, as well us 
that of manganese—materials which, in ordinary glass, liavo the 
propeity of nearly neutralising one another. A little oxide df 
copper, tin, and lead added to this, doadons the colour, and 
makes it deeper. It is in the blue glass, however, that the 
difference of the old glass from the modem is most observable. 
Probably, if the native oxide of cobalt, with all the imxmritios 
that naturally cling to it, were more frequently used instead of 
the imitation of the natural impurities inado by the addition of 
other materials to the refined oxide, the old colour could bo 
rei)rodnced more exactly; for the ancients, who knew iiotbiiig 
of exact cheminul methods, were apt to make use of those 
materials which came ready to hand, and which produced the 
results they rmiuirod. 

Protoxide of copper (C«„0) in very minute quantities, eoni- 
bined with tlio iron and luanganeso ns before, produces a l)rigbt 
yellow gloss. If used in larger proxjortiona, and sometimes 
with protoxide of iron, it furnishes the deoj) ruby-red, which is 
suuh a striking and beautiful colour. 'J'ho secret of the manu¬ 
facture of this tint, which is one of the most succossfnl, was for 
a long time lost, but was recovered about tho year 1830, in 
France. A larger i>ropoi-tion of iron (dmngcs this red into a 
reddish-brown. Impure manganese, containing a considerable 
amount of iron, result.-; in a kind of madder-brown; whilst .'i 
much paler glass of something of the same colour i.s |iroduoed 
by a smaller qimutity of manganese with red haul instead of 
copper. 

Various shades of green are xiroducod by coinbinalions of ,a 
great variety of materials, sueh as orsoiiie,, nitrate and bichro¬ 
mate of potash, with tho oxide of iron and copi>cr mentioned 
above, 'llieso are tho princijial colours used at i)reBont. 
Slight variations of quantity in any of the materialH ohutigu 
tho tint, whilst difTcrouecs of thickness in tho glass itself, or in 
the proportion of tlio motul or common material of tho glass, 
alter the tone and depll) of colour. 

When the inuteiial.s have boon snillciently molted, and, as wo 
said prevjoui-lj’, before they have arrived at a perfectly homo¬ 
geneous condition, tho glass-blower takc.s a quantity of the 
metal, weighing some pounds, upon the end of vriiat is toohnioally 
caUod his iron . This iron is a rod or tube of some four or five feet 
in lengrth, with a bore of about one-eighth of an inch. The lump 
of metal is blown into an oval bubble of some two foot in length, 
and when this is comi>lctcd, tlic end farthest from tho iron is 
opened by moans of a puiit (a solid iron rod, lighter and smaller 
t^n the iron), so that the glass assumes the form of a rough 
cylinder, which is now detached, by means of a cold iron, from 
the iron. Tlie cylinder thus made is split down its length in 
the some manner as it wa.s detached from tho iron, and it is 
thra put on one side to coni. The next process is that of 
annealing, and this is accomplished by moans of an air-oven, a 
low arohed furnace fitted with iron trays filled with chalk or 
lime. On this lime the partially opened cylinders are placed, 
and when exposed to tho heat, they grivdnally extend themselves 
until they lie flat upon the level bed of chalk. The metal, after 
the lapse ^f a few hours, is ready for use. 

When it has arrived at this stage, the glass is usually of 
oonki derable thioknoss, frequently as much os a quarter of on 
^llUll;*whioh is also tho measurement of much twolfth-oontmy 
kIbbs; but tho commoner sorts, manufactured in the earlier 
portion of the present century, wore soarooly more than a sixtli 
of IMs size. 

Much of the mby glass, and many of tbo brighter tints that 
partake of red, consist of what is called flashed glass. This 
variety is blown as follows :—The workman first dips his iron 
into apot containing colonrloss, yellow, brown, or other metal, and 
when he has aeouznolated a sufficient quantity, he just dips the 
mass once entirely into the ruby metal, thus obtaining a coating 
pf the red oolour over the whole. This is then blown as before 
into a oylinder, which oonsistB of a thick foundation of the 
principal metal with a thin coating of the ruby. This proiwsa 
Kivea a greater opportunity for modification of colour and tint, 
i>eridee adnutriag of a variety of oolour by removing the red 


surface, and either leaving the original glass beneath, or giving 
this latter a stain. 

From what has been said above, it will lie seen that some 
considerable amuont of judgment ia required in choosing tbo 
I glass to be used in each particular portion. Those porta whicli 
I have numerous uir-bubbJes ore usually to be preferred on 
I account of their holding tho light; uneven pieces, because they 
j are agreeable to tho eye; i>iooes in wliich the oolour is shaded, 
, bccaase it may so suit the design ; Uijok gJass, because it 
' possesses a greater ilciith and richness of tone. Owing to the 
I great impetus our manufaoturo aequirod, partly from tho 
I resoarclios of Mr. W'iiiaton and others, and partly on ncoount of 
j tho iuovoasod demand for stained gloss in Llugland caused by tho 
I revival of a taste for ecclesiastical ii-ri'liitecture, the English 
j glass has become c.sixjcially celebrated tiirougiiout the Continent, 

; so that the Oovmaus who have long boon celebrated for tho 
1 brightness of their colouring, uiid their manufactures in coloured 
I glass, now come to England for tho nuitorial wherewith to make 
' their u indows. Their own glass is found to bo loo flat, and 
j <!ousequently dull, tliougli so highly coloured. It our maiiu. 

I facturors cimtinuu thoir course of steady perse vornnee and desire 
I to uxco], no doubt they will bo able to hold tlioir own against 
tlio world, Imt if they once attempt to (wss off inferior glass, 

. the evil will quickly recoil on their own heads. It is not sufli- 
■ eiont uicroly to put togethr.r what apjicar to bo tho chemicnJ 
I ingrndionts of a particular glass: tbo source whence these in- 
I gredieni a come mu£.t bo carefully observed, and the process, of 
; manufacture must receive tho most patient attention. 


MINING AND C^UARRYING.—Ylll. 

BY ai-;ORGE GLADSTONE, F.O.S. 
lliON. , 

MANUPACrVltK OP 1-IG-IUON—-EXTENT OP TRADE—Bl-AST- 

PIJRNACHS—DESOUI PTION—.SIZG—OALCINATZON OF ORES. 

The smelting of the iroustom’, b,y which the metal is separated 
from tho other iiigrcidiunts with which it is combined and formed 
into pig-iron, is a very largo trado of itstdf; many ironmasters, 
especially in Seotland, do not uudertako any of tho subsequent 
jH'occsses to which iron is subjeoted in order to render it fit for 
use in the arts. Scotch pigs, of which no less than 1,180,00(1 
tons were made in 1803, arc well known as an article of com- 
mereo, and are scut to many parts of the world, just in tlio statu 
in which they came from tho blast-furnaces. It is ustimalcd 
tliat the i>ro<inction of pig-iron in the British Isles is just about 
equal to the ci.tire iimount fumiBhod liy the rest of the world. 
Tho .annual yield of the blast-furnaces in tho United Kingdom 
now exceeds •'i,0u0,0<iu tons. 

Pig-iron is very rough in its exterior; within it is of a 
granular or crystalline structure ; and it is usually very brittle. 
It ia generally classified according to four qualities—Nos. 1, 2, 
3, and -I—euidi having its own particular merits, ocoordiug to 
tho purpose for which it may be required. 

The prosoui article will bo couliued exclusively to tho produc¬ 
tion of pig-iron. 

Tho smelting of iron ore® reqniri'S the adoption of a fnruaco 
capable of being luised to a very high temperaturo ; a supply 
of fuel, and of limestone to servo as a flux. In order to stimu¬ 
late tho combustion, a slroi.g current of air is forced into tho 
fuinace at tho bottom, whicli, passing through tho charge, 
makes its escape hy tho cliimnoy; konco it is tormod a blast¬ 
furnace. Tho iiouriiig in of a ourrout of cold air tended, how¬ 
ever, to reduce tho temperature in the lowest part of tho 
furnace, just whore it was needed to be hottest. To obviate 
this objectiun, tho air is heated to a very high tempera¬ 
ture on its iiassage from tho pumping-engine to tho furnace, 
which, by way of distinotion from tho other, is called the tint- 
hlasi process. Tliis was tho invention of one Neilson, a Scotch 
engineer, who took ont a patent for it in 1828. It lod to a 
great extension of tho iron trade, coupled with an important 
reduction in tlio price of iron. The cold-blast is comparatively 
little used at the iirosent time, as the iron thus made is much 
more exiiensive, though for quality it is highly esteemed by 
some people. 

The form and nature of a bloat-fumaoe for tho smelting of 
iron has now to be ooiuidered At some length. 




THE TEOHNIOAI, EDtJOATOR. 


Fig. 1 repreaenta the exterior elevation of a cupola or bloat- , proved of (though many are, nevertholoaa, built with 
fnmooe of the ordinaiy pattern. The former tom is applied to ' sides), because the heat cannot otherwise be so woU maintained 
the smaller ones, which are generally less solid in their con- in the upper port of the furnace. In the majority of more 
stmotion, and (^ed with iron,-though the principle upon which modem furnaces the boshes are carried up higher, and at a less 
they are built is tho same. Fig. 2 is « vertical section, and angle than in the drawing; and some axe made to curve gra- 


Fig, 3 a horizontal 
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used for the purpose; the great desideratum being that the is made to flow constantly to keep the plate oooh These arc 
charge shall not sink down into a mass at the bottom of the distinguished by the name of “ water-tymps.” 


furnace till it 1ms passed through a certain stage of thd' process, 
otherwise tho action of the blast would be greatly impeded. A 


In front of the fuisaoe, and opposite to the tap-hole, is a 
channel the nee of whioh is to convey the iron as it runs out 


focm more or less oontraoted ttwards the top is generally ap- into the moulds, which are made of monldiiig sand, and are 
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proteotcd from the offeots of the weather by being; covered with 
a ehed. 

Tbe twyers, c, oonvey to the fumooe the draught of air 
neoeBaary to promote the oombnation. They vary in number 
from two up to a dozen or bo, but three ib very common, as 
ehown in the diagram. Since the introduction of the hot-blaat 
principle tbe twyers and supply-pipes are mode of iron, and the 
nozzle is made of a hollow piece of wrought iron, as shown in 
Fig. 4, through which a stream of cold water is mode to inma 
continually, in order to keep it cool. 

The blast itself is produced by a steam-engine driving a 
piston in a cylinder which has valves opening inwords both at 
top and bottom, to admit the air, so that in both the ascending 
and descending stroke of the piston the air is forced out of the 
cylinder into a large receiving chamber, from which it again 
passes in iron pipes through the stove or oven to the twyers. 
The receiving chamber is made of a largo size, so as to regulate 
the force of tho blast, 
and render it con- 
tinnous instead of 
Bposmodio. From the 
receiver a pipe con¬ 
ducts the air through 
the heating oven, 
usonlly a close cham¬ 
ber with a furnace 
boluw and a fine 
above, the interme¬ 
diate s}iaGo being 
almost filled by tbe 
convoluted pipe so 
arranged as to 
present the largest 
possible Burfuoo to 
the heating power. 

Another short luoco 
of pipe conveys tho 
heated air from tho 
oven to tho twyers. 

The ovens are placed 
as near as possible 
to the blost-fur- 
naccs, so that tho 
blast shall not have 
tho opportunity of 
cooling in passing 
from one to tiro 
other. The greater 
tho heat to which tho 
blast is Todsod tho 
hotter docs it an¬ 
swer the pnrposo, as 
the requisite tem¬ 
perature of tho fur- 
na<^ can then bo 

maintained with a loss expenditure of fuel. Tho heat of tho 
tdost should not be loss than GOO® Fahrenheit. 

The ohimnoy, K, extends somewhat above tho charging 
gallery, in order to carry off the smoke and heated air which 
have passed throngh tho ohorgo ; in some of the more modern 
iron-worksf however, these heated gases are not allowed to go to 
waste, but are carried down again by a flue, and are mado to 
Bs^e instead of a furnace in heating the ovens just described. 
Rib 'nonsidored by some that the current of air throngh the 
furnace is thereby weakened, and that the temperature suffers 
in consoqnenoe; bnt it is maintained by others that this joss is 
more thim compensated by the saving effected in tho heating 
ovens. This requires a modifloation of tho upper part of tho 
furaaoe, and instead of having a chimney, an apparatus is snb- 
Btituted, called tiie “ boll and hopper,” which the accompanymg 
drawing (Fig. 5) will serve to iUnstrote. Instead of ohar^g 
the f nmaoe throngh a door just below tho ohimnoy, the materials 
are thrown into tiie hopper, a, and then by moans of a wheel 
and chain tho bell, b, is lowered, wh«i all tho contents of tho 
hopper fall into the fnmace, and the bell is •Oien drawn up 
again. Tho waste gases cannot osoap^ in this direction, but 
are carried off by a pipe at tho side, c, and are made to do duty 
M a source of heat. 


A great deal of differeixa of opinion exists as to tho best size 
of blast-funaoes, more especially as this depends very much on 
tho character of tho oro and fueL In Scotland, for instance, 
though some have been built G5 feet high, tbe largo ones are 
not found to work well, and a preference is given to those of 
about 50 foot. This is also about an ordinary size of the more 
modem furnaces in Wales and the midland counties. Such 
furnaces will have a capacity of 7,000 to 8,000 cubic feet. lu 
the northern coal-field, however, coko of very great strength is 
produced, a cube of 2 inches each way being able to support 
(oven when heated) a tou weight without being crushed; in tlie 
Cleveland district, therefore, where this very strong coke is 
used, tho tendency has constantly been to increase tho size of 
the furnaces, and the large.st of them have proved the most 
economical in working. A few years ago, even in this district, 
75 foot was the extreme height; but jiow there arc blast-fur¬ 
naces at work 85 feet in hoiglit from the hearth to tho platform, 

28 foot greatest in¬ 
ternal width, and 
tho diameter of tho 
hearth 8 feet. These 
dimensions will give 
a cubic capacity of 
something over 
30,000 feet; and 
each such furnace 
produces 490 to 500 
tons of pig-iron per 
week, at a consump¬ 
tion of 204 owt. of 
coko for each tou of 
iron mode. 

It takes a con- 
bidcrablo time and 
expense to bring a 
blast-far.aaoo up to 
tho heat required j 
and when tliis is 
dune the furnace is 
said tobo“iM blast,” 
or “blown in.” It 
is then maintained 
withont Intormissiou 
until, for tho purpose 
of repairs, or because 
of the price of pig- 
iron being too low, 
it k found necessary 
or desirable to pot 
it “out of blast.” 
llcing ill blast, the 
smelling pronceds 
continuously ; tho 
charge is constantly 
snppliod from tho 

gallery above, as tho contents sink down in tlio fiimaoo; and the 
li<iuid metal, having trickled down Uirougli tho mass into tho 
hearth, 0 -, is drawn off about every twelve hours, which is called 
“ tapping tho furnace. ” 

The charge varies considerably according to the quality and 
nature of tho ironstone, and also to some extent upon tho 
character of tho fuel used. Tho oro used always to bo calcined 
or roasted first; and though this preparatory process is not eo 
necessary now as it was before tho invention of the hot-blast, it 
is still very goiiorally done. Ihis used to bo nooomplishod by 
simply making a long heap of ironstone intermixed with small 
coal, and then sotting fire to it at tho windward end. It will 
gradually bum all through its length, just in tho same way as 
clay is burnt for road-making. The calcining heaps, however, 
occupy a very great space, so that in the larger works it is 
more usual now to roust the ore in kilns very similar to those 
used for burning bme ; they are rather more economical of fuel, 

I and in hilly districts they are generally so situated that tlw 
I door of the kiln shall be on a level with the gallery of the blast¬ 
furnace, so that the roasted ore can be readily wheeled from the 
one to the other. The bloBt-fumacos ore therefore^ erected on 
the low ground at the hill-aide, and the calcining kilns ns near 
as poBsiblo at the higher lovd, tho two being connected by a 
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light iron geRery. Tho oaloining operation in kilns is a con- 
tinnouB onoi the raw ore being pnt in at tho top and the kiln 
kept fuU, whilo tho roasted ore is withdrawn through tho door 
below. The black bands of Scotland contain sudiciout carbon 
to bum in kilns without tho addition of othw fuel; they lose 
from 40 to 50 por cent, of thoir weight during this opera¬ 
tion, tho oaloinod oro containing nottrly 70 per cent, of iron. 
Iho clay bonds loso loss weight, and oontain about 50 per 
cent, of iron after roasting. Tho loss of weight is due to tho 
volatnisatioii of the water, carbonic acid, sulphur, and other 
ingfrtsdiciits. Tho roastod oro should be preserved from exposuro 
to tho weather, as it is liable to absorb again a great deal of 
water. 


TECHNICAL DRAWING.—XXXVIII. 

BBAWINa l-’OB STONEMASONS, 

Ji" CONCISE HISTOKY OF MASONKY {couHnuetl). 

It was, howoTor, different with tho Roman masons ; although, 
it is true, many of their temples wore Greek in (hurocter, and 
most of them rirallnd those of that nation in sise and in the 
vastnoas of the material employed; the blnoks of stone, for 
instance, in tho arobitravo of tho Temple of the Snn racasuro 
16 feet 6 inches long, 9 foot 6 inche.s high, and nbont G feet 
thick, or nearly 50 tons in weight. But in general charaetor 
there was less of that pondoruus strength that eliuroetcrisod 
tho Egyptian and Grecian Doric, and much more science in tho 
construction—espocinlly as regarded economy—whilst in point 
of artistio boanty tho Itomans woro far below Oio Greeks. 

Tho early Romans can soavooly bo said to have possessed 
any stylo of bnilding of their own; they for tho mjpat part 
borrowed their ideas from tho Etruscans (who inhabited a port 
of Italy now known as Tuscany), and from tbo Greeks at a 
later period. In tho time of Romnlns their buildings would 
scorn to have boon of tho most rude description, thoir dwelling- 
houses being composed priucipally of straw; and oven at a 
somewhat lator period their temples woro only small square 
erections, soarccly largo enough to contain tho statue of thoir 
idol. 

Anons Martins was tho first king who enmmonood works of a 
largo olasB, requiring skill in thoir construction; and his first 
attempt was the bnilding of tho city and port of Ostia, at tho 
month of tho Tiber. Tarqnin tho Elder brought with him the 
skill and enterprise of tbo Etruscans, and sot about im¬ 
proving the city with energy and porsoTornnoo. His first 
work was to oroct th,o grand nirous; ho also constmotod the 
walls of tho city with largo hewn stones, and commcni-od tho 
great tdoaca, or public sewer. Tliis great work, which was 
considered to bo one of Uio wonders of tho world, was con- 
structod of wrought stones, and was of such dimensions that a 
wagon loaded with hay could pass through it, and was carried 
through rocks and under hills, oTorcomiug every engineering 
difficulty, 

To whatever nation or meo the invention of tho arch may bo 
attributed, it is clear tbo Romans woro tho first to bring it into 
general use, and they wore the first in Europe to use the true 
dome in oovoring their temples. Besides this, they had not 
only good lime, but plenty of puszolcain,* and therefore their 
mortar and comont were of first-rate quality. To theso 

* Tuzzolann is a Bubstunen formed of volcanic ashes more or loss 
compacted. It derives its name from Pozznolo, ns also Fulvis Futoo- 
lanns, from Futeoli, situate near Mount Vesuvius, from which these 
nsbes ore qjeoted, and in ilio vicinity of which It abonuds. It occurs 
in various colonra—white, red, or black, reddish, or reddish-brown, 
grey, or greyish-hlnck. That of Naples is generally grey; Uiut of 
CWvita Veoohia is more generally reddish, or roddish-browu. Tlio red 
variety la the proper puzzoinua; the black and tho white sorts arc 
caUad in Italy kpIUo or vnpillo. Tho nsbes which cverwholmod 
Pompeii now form au immttUBc bod of whito puzzoiana. Tbe surface 
of this substance is rough, uneven, and of a baked appearance; it 
comes to ns in pieces, from tbe size of a nut to that of an egg. 
When mixed with n small proportion of lime it quickly hardcus, and 
this induration takes place even under water. The ancients wero 
well acquoiDtsd with this substance and its properties, and among 
them its priuolpstl use; as it has been also in modem times, wne that 
of mixing it witdi their oements for buildings sunk sunder (he sea. 
As it hardens and petrifies in water, it is of partioular serrico in 
making moles and other hnildiags in (nnritlme places. 


advantages wo may attribute tho vast works which to tho 
present day amaze the Bpootator, who cannot view tbo Roman 
clooess, aquodnots, amphitheatreB, basUioiD, walls, towers, tombs, 
domes, harbours, etc., without wonder at the enterprise of tho 
people and tho skill of their masona. 

As tho whole subject of Gothic architecture forms a soparato 
course of lessons, it is not intended here to enter fully into 
that Bubjoct, nor into tho Byzantine, ont of which it grow; 
nor tho Saraoonic, which was a rendering of arohitecturid and 
ornamental elemcuis under certain religions restrictions -. a 
brief mention of tlie characteristic features of the period ore 
therefore only necessary. 

After the min of the Roman Empire, and tho irruption of 
tho savage hordes over tho whole of civilised Europe, tho art 
of masonry, like all others, declined to tho lowest ebb. Had 
it not boon, in fact, for the erection of rude forts and towers, 
it would have booomc extinct. In England we owe its revival 
to tho Normans who came over ivith William I. in 1066; and 
next, noudoubt, to the Cmsudurs, who had witnessed with 
adminitimt tho marvellous lightness of the Imildings in tho 
East, and who brought bock with them the arts and learning 
of tlic Arabians, ospocially their mathematical science. From 
these sources ]K>intod arohitootuve, no doubt, took its rise; and 
massive cylindrical pillars, composed of many small pieces of 
stone, small cironlar-headod windows, walls of vast thickness, 
with very shallow bnttrossos and plain groining without ribs, 
became ebanged to light-shafted piers and dolioatoly-monldod 
arehoH, windows rich with varied tracery, panelled walls, 
with bold buttresses, surmonnled by tiielies and crowned by 
pinnacles, and groined roofs fre-tted with a network of ribs, 
and studded with riohly-carvod bo-sses at tho points whore they 
crossed each other, wero gr.ailnii11y iiitroduoed nntil tho whole 
system of what has been termed tho “Gothic” stylo was 
perfected. 

In tho sixteenth contnry a revival of classic arcliitootnre 
took place. The Gothio stylo hotl become much debased, and 
Itoinon or Italian stylos wore introduced into this country by 
Inigo Jones,* who w.os bom in the year 1572, and whoso dis- 
tingnishod works at Greenwicli, Whitehall, and Covent Garden 
will over secure him a placo among names of tho highest ropu- 
iation. 

Sir Christopher Wren,t an eminent mathematician, philo- 
sophor, and architect, exocnted very many of the finest buildings 
in London and other parts of England in Gio modem stylo. 
St. Paul’s Cathedral in London, inferior to none but St. Peter’s 
in Romo in point of magnitude, is justly cousidorod ono of tho 
finest works of modem times. Tho exterior cupola of St. Paul’s 
is oonstracted of oak, and is sustained by a cone of cightoen- 
inch brickwork, which has a course of stone tho whole thickness 
—every five foot. Sir Cbristuphcr Wren formed on oxoellont 
Bobnol of masonry; tho works at St. Paul’s and other public 
buildings carried out under his superintendence being executed 
in u very superior manner. Besides this, with the assistance of 


* Inigo Jones was bom in tho ncighbonrhood of St. Panl’s, 
Loudon, in 1572. His great aptitude for drawing attracted the, at¬ 
tention of the Earl ct Pembroke, who sent him abroad for tour 
years to study the uiosteipiecea of archltoctiire in France, Germany, 
and Italy. In 1C12 Jones re-visited Italy, further to improvo his 
style, and on his return to England ho was appointed Survoyor- 
Qoneml of tho Boynl Bnlldings. His masterpiece is considered to be 
tho Banqueting House at ‘Whitehall. He also built tbo oh&rch of 8t. 
Paul, in Covent Garden, Ashhumham House, Burgeons' Hall, etc. .He 
died in 1(153. . 

t Bir Christopher Wren, tho renowned English mathematieiaB and 
architect, was born in Wiltshire in 1632. He was educated first A: 
Westminster School, and subsequently at Wadhnm College, Oxford. 
After the great fire in 1606, Wren drew plans for the entire rebuilding 
of London; few, however, of his recommendatione were adopted. Ho 
was tho architect of St. PanVe; and in 1710, in hie seventy-ninth year, 
superintended the pbolug of the highest stone in thO lautem by hie 
son, the work having occupied thirty-five years. Besides this, he built 
fifty oburcbes, tho late Boyol Exchange in 1667 [the present Was hnOt 
by Mr. (now Sir William) Tito, and opened by Her Majesty Queen 
Victoria in I844J ; the Custom House in 1668; Temple Bar In 1670; 
tbe Monument in ihTl; the Boyol Observatory, Greenwich, in- 1678 i 
Chelsea Hospital, 1690; Greenwich' Hospital, 1696; Marlborough 
House in 1709; the upper vortlons of tho towers at the west front of 
Westminster Abbey in 1713, eta He died in hie chair in 1723, aged 
ninety years. The following inscription marks Us tomb in St, Petal’s 
—“ Host thou seek Us monameatf look aronud," 
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Qrinlincr Oibbona,* he formed on exoollentBobool of nrohitootaral 
cBurvere. Ho was very particolar in the choice of his stpnc. It 
is said that when tho stone for St. Paul's bad been quarried in 
the island of Portland, it was exposed to tho weather on tho 
Boa-beooh for three years before he permitted it to bo used; 
and the result of his oaro is that amongst all his buildings there 
is soarcely a failure or a dofootiTO block. 

The art of masonry was well uphold in tho clglitoouth century 
by Vanbrugh, Hawksmoor, Gibbs, and Lord Jiurlington. Thoso 
were follow 0 <i by Sir William Chambori', who built Somerset 
llooso 5 Dance, tho architect of Nowgato Prison; and Sir John 
Soane, who built tho Bank gf I'higland. Hut shortly after 
cement works became so general that masonry sufl'ored. “ Be¬ 
sides ihis,” says Mr. Ashpitel, “tho heavy dntios imijoscd on 
tho transport of stone by sen, and tho high jiriws wliieli .all 
material bore during tho war, threatened to reduce masonry to 
its lowest.” Tho rovival of Gothic architecture has ronowo<l 
iho use of frocstono, and has taught our m.asons tho art of 
working tracery, groined roofs, flying huttres-ses, and such use 
of stoiio as was supimsod, scarcely a century ago, to4io one of 
tho lost arts. 

Besides this, tho abellUon of duties .and the introduction of 
many facilities of transport by stcrirn, both by land anil watiT, 
has BO reduced tho price of btone, that in many places the uso of 
cement is a falsi' economy. 

Purther, tho fatulity with which not only tho upper classes 
but working men can vi.s)( other conatrios, has tended, whilst 
elevating tho taste of employers, to improve tho montai appre¬ 
ciation and manual skill of oiir artisans; and they havo thus 
become qualified to execute tlio gi'eat monuments of skill which 
tho present age hu.s proiluccd, and which will ever redound to 
tho hononr of our hind. 

Tho vast cugiiiecring and railway works—bridges, vaults, 
arches, and tunuols, tiio new Houses of Parliament, tho light¬ 
houses, exchanges, lown-halls, chiurchcs, wnrehousos, etc.— 
wliich have of late years been exoentod in this country nnder 
tho guidance of distinguished architects, have given such an 
impetus to tho study and practice of cojistriie.tivo masonry, 
that a race of masons has been reared amongst us of higher and 
more varied skill than have perhaps ever existed in England, 
and even this standard is daily being improved by tlio efforts 
made for the promotion of tho education of working men. 

IJNEAR DltAWINa BY MKANS Ol' INSTIlirirENTS. 

Walling .—Tlin work of tho mason in this department calla 
for tho continual exercise of skill and judgment, for ho has not, 
liko tho bricklayer, to deal with blocks of a uniform siso, but 
wiUi heavy masses of all shapes and sizes, whilst the length, 
depth, and height of tho walls he is building are all fixed. 

The best or highest sort of stone walling is tho i-asiest to sot, 
for in it all tho stones arc tooled or ganged to regular sizes, to 
range in ooorses, and to suit the thickness of tho wall to bo 
built j and the most difilcult is really tliat which is deemed tho 
oommonost, being that in which rough blocks are used, tho 
mason merely chipping them with his liammer or axe, and fitting 
th^m in tho best way ho can, so as to form a eompuot moss. 
This is colled riMle waJliiig. 

All stone is to a certain extent brittle, and therefore great 
taet is required in sotting these irrognlnrly-formcd blocks, so 
that the ends may not bo supported whilst the space between 
them is hollow j or that the stone may not rest on one pro- 
jooiing part whilst the ends are unsupported. If long pieces 
are, nsed, they must bo propped np in every part, lost they 
break across, and Uius ooousion the whole sttporstracturo 
TOg»e way. And thus, although tho object of the mason should 
Wj to form as oompoct a mass ns possible, still that is done 
with the greatest safety when tho strength is equalised j and, 
therefore, ho will act tho most judioiously in breaking a very 
long stone into two or more short ones, and working taom in 

* Grinling Gibhons was at Dntch dosebnt—if not, imViaa, bom at 
Botterdam, coiioominp which thoro lias been much dispute. Ho was 
bom in 1648, and distinguished himself iu carving at a very early age, 
when we find him living at La Bello Sauvoge Yard, Ludgatc Hill, the 
spot OK which stands the works of Messm. Cassell, Pettor, and Galpin. 
Bore hS exhibited a pot of flowers carved in wood, so exquisitely 
delicate that the leaves vibrated as the^oaobes passed. Ho was 
■ubsaq^ouUy rceoramended to Charles II., and executed a in^at 
portion of the carving in tho ohapel at Windsor. He also executed 
the carving In the choir of St. Paul's. He died iu 1721. 


that state; for, by this moans, he knows how to support or 
counteract the effects of the extra joint which he makes. 
Joints which may ensue after tho wall may be finished would 
bo irremediable. 

The mason must bear in mind that whatever may bo tho 
quality of the stone to ho used, the wall should consist of os 
much stone and ns little mortar as possible. If the stone bo 
inferior in durability and power in resisting tho effect of the 
atmosphere to what the mortar will bo when hard, no nlterior 
good will he gained, besides tho certain fact that the Inortar 
will yield until it has set hard, and thus tho block resting on it 
will bo, during the interval, constiiutly changing its place as 
others are placed upon it. And if the stone bo (as it should) 
the more durable material, tho more of it entering into tho wall 
tho better. Tho stones, however, should never bo ollowed to 
actually touch each other, any more than in brickwork ; for 
whore this might bo the case, tho mortar, shrinking in drying, 
would throw the whole pressure on tho prominent parts, and so 
cause unequal bearing. 

Bricks are wotted before working, for if tho surfaces ho 
covered with dry dust tho mortar will not adhere: and further, 
they would absorb rapidly all the water ont of tho mortar, in¬ 
stead of allowing it to set grudnally. Stone, however, being 
of a loss absorbent nature than brick, it is not so important 
that it should bo wetted ; npverthelc.s.'i, it is better that it 
shonld by in at least a damp state when it is worked, the 
adhesion of tho mortar being then more certain and eomplcto. 


AITLIED MECHANICS.—XVI. 

BY KOBEET STAWELL BALT., M.A., 

I'rofcsEoz of Applied Mattiumutics uod Hcclianism, Boyal College of 
Sciouce for Ireland. 

TUK UYUllABLIC ISAM—CENTEIFXTOAlj PUMP- CHAIM PUMP. 
Wk next consider tho machines which depend upon the inertia 
of water, and first wo shall discuss tho very remarkable macliiuc 
known as tho hydraulic ram. 

A diagram of the hydraulic ram is shown in Fig. 1. This 
figure will represent the principle on which tho macliino works. 

p g is a tube closed at tho end Q, niong which water flows, in 
the direction indicated by the arrow. This tube receives tho 
water from a stream, and tho object of the machine is to send a 
portion of tho water up to a higher level, n is a valve, which 
is capable of being nicely adjusted; its weight is such that tho 
ordinary pressure of tho water beneath it is not suflioient to 
keep it closed. Thus tho valve falls open, and tho water flows 
ont. Tho velocity with which tho water flows is gradually 
accelerated while tlio valve is open, and the pressure coneo- 
quontiy increases. IVlien tlio pressuro of tho water attains a 
certain value, tho valve n is pressed upwards and closed. Tho 
water which was flowing along the tube is tlms suddenly chocked. 
Wo have already learned that when a body is in motion it exerts 
a large force of resistance when its moiiou is chocked. Water 
is no exception to this rule. Tho moss of water suddenly exerts 
a largo pressure, and foroos open tho valve a. o is an adr- 
chambor, in which the air is compressed; d is tho pipe which 
carries the water to tho height required. Tho pressure in tho 
chamber C depends, of course, upon the height to wliich D is 
oarriod; but whatever be this pressure, tho valve A will he 
forced open by tho inortiu, and a small quantity of water bo 
driven into tho.air.ohaniber. When tho water has come to rest, 
A shuts. Tlio same operation is now repeated again ; n drops 
open in oonsoqnonco of the pressure not being suflicieiit, and 
tho cycle again commences, llius at eoi'h operation a small 
quantity of water is forced into the air-chamber c, and ultimately 
must ascend by the pipe i>. 

The inertia of water, which is so ingeniously applied in tlio 
hydraulic ram, has to be attended to in tho fittings whieli are 
used in towns supplied with high pressure of water. Ordinary 
stop-oooks cannot bo used on pipes in which tho pressure 
amonnts to 50 or CO pounds upon the square inch. If the water 
bo turned off suddenly, as it is by on oi-dins.i'y cook, a rattling 
noise is beard, produced by tho inertia of tho water, and a 
violent strain is produced upon the pipes and fittings, which 
will siKiner or later lead to rupture. I'he remedy is obvious. 
Tho force of inertia with which a body resists ^ving its motion 
arrested varies according to tho manner in which the motion is 
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•topped. If the motion be stopped suddenly, the inertia is ^ the most useful construotions, which is represented in Fig. 3. 
pro^gions; if the motion be stopiied gradually, the inertia | The water is introdnoed at the centre, O, from the lower 


ie very small. The plan is, then, to cut ofi the water gradually, i 
This is done by using a cock in which, by means of a screw, : 
the aperture is closed or opened gradually. | 

An improved form of hydraulic ram is shown in Fig. 2. The ; 
water flows from the source along the tube A; at b is the valve 
called the stoppage-valve, which is analogous to tho valve B in 
Fig. 1. Tho stoppage-valve is shown open in Fig. 2; it is 
supported by a stem, and when not held up by the pressure of 
the water drops downwards to a distance regulated by a screw . 
and nut. When the stoppage-valve is down the water flows j 
outwards above the valve, until tho velocity is so much increased j 
that the pressure is sufficient to close tho valve. When the ' 

stoppage- _ 

valve is 
closed t he 

prMsos ^ tte 

called tho | j O 

a. „ 

B, B and dis- F: 

charge some 
of the water 
into tho 
ontor cham- . 
her. From 
the outer 
chamber the 
water rises 
in the asoon- 
slon-pipo, 0, 
in the man¬ 
ner already 
explained. 

Tho valves 
' E, B ore then 
olosod, the 
valve B do- 
Boonds, and 
the proooss 
again com¬ 
mences. Tho 
use of the 
air in tho 
chamber is 
t 2 act ns a 
spring; for 
were it not 





reservoir from which the water is to be raised; from o the 
water enters by a series of openings into a wheel which is 
rapidly revolving in the direction of the arrows. This wheel 
is famished with a series of blades perpondioular to its plane, 
thus dividing the wheel into channels, into which the water 
enters. 'When tho water has entered tho wheel, and becomes 
whirled round with it, centrifugal foroe drives the water along 
the channels to tho oiroumferenoe of the wheel, whence it finds 
on exit by the nsoension-pipe. 

In tbe construction of the centrifugal pump, partionlar care 
is required in the arrangement of the blades which form tho 
channels along which tho water flows; tho offioienoy of the 

machine de- 
, ^ pends great- 

^0 ly upon this 

U point being 

H attended to. 

'A What is re- 

^ !• quired is to 

' ® j H raise the 

-I I? water, and 

tho energy 
' ~ engine 

. _ which works 

—-the pnmp is 

• to bo de¬ 
voted as far 
as possible 
to tide pnr- 
pose. Tho 

g. 2. Fig. 4 . —“• water, when 

** raised, 

deliVOTOd 
with as little 

^ possible, for 

"TlT velocity 

tlgr ' I which tho 

~ I water pos- 

_ _ Besses has 

j j ,^ boon pro- 

I — duced at tho 

rfl"; cost of tho 

“ “ energy of 

the machine. 

the smallest 
amount. 


for this spring the shooks would derange tho maohin^. As 
the air is soluble in water, it is neoessary to supply air to the 
chambers, in order to restore tho quantity which is token away; 
this is oSeoted by a small valve, B, which opens inwards, and 
odmits air when the other valves are closed. 

Tho hydranlio ram is periodic in its action, and so far ro- 
aembles the pumps which wo Imve been considering. It is 
principally employed when it is desired to nise a small quantity 
of water to a eonsidorablo height. It is frequently placed at the 
looks of canals, or similar situations, in which on abundant 
supply of water is avollablo. The centrifugal pnmp, which wo 
sh^ next consider, is a far more valuable machine than the 
hydranUo ran. It is oapablo, when worked with suitable power, 
of raising a vast body of water. It has, however, to be worked 
by a steam-engine, or other sonroe of power, and so far is a more 
oomplioatod maohin^ tiian the hydraulio ram. , 

The cenixifagtd pump bos very varied forma, which, however, 
all depend npon the same prinoipl^ We shall desoribe one of 


The real velocity of tho water ia compounded of the velocity 
of the wheel with tho velocity with which tho watef is flow¬ 
ing along tho channels. By having the divisions nearly tan¬ 
gential to tho circamforenoe of the wheel the water ia iliiwni' 
one way by its motion in the channels, and in the oppofft]} 
way by the motion of the wheel; the consequence is i^t the 
water has really a motion only dne to tiie difforenoe of those 
velocities. 

In Fig. 4 is represented what is called a ohoin-pump. This 
machine is very useful when a large quantity of water has to bo 
nused. It conriats of two wheels, tho upper of whitffi is turned 
by an engine, while the lower wheel is below the surface of -the 
water. Tbe ohain which passes over the wheels ia fumiriied 
j with wooden boards, as shown in section in the figure. Tho 
I water ia nused by a reotongnlar case, whioh the wooden boards 
fit pretty aoonrately. This case goes below the surface of the 
water. As the brards are rapiSy raisad by the ohain, tbe 
water k delivered from the teq;* of itoe case. 
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TECHNICAL DRAWING.—XXXIX. 

BBAWIHO FOB STONEMASONS. 

BCBB1.1!——BtrSTIO WOBK— ^ANSLB QBOtHB, ETC. 

What “ bond ” is, and tho nooeseaty for it, has been fully ex¬ 
plained and Qlnstratod in leBsone on “Building Construction;” 
and b^nd is of no less importance in stone than in bxiok 
trailing; only a few further observations will, therefore, bo 
added. It has been explained (Vol. I., page 97) that walling 
is broadly classified into rubble and ashlar, and although thoso 
have been illustrated, it will be useful to insert tho iHustra- 
tions again. I 


Walla are frequently built with mortar, which would have fallon 
under their own weight without it before they reached tho 
height of six feet, iu consequence of their d^eotive oonstmetion, 
I thus showing that they are held together merely by the mortar, 
which is very seldom a sufficient bond. 

Tho student will scarcely require any partioular direotionB in 
drawing Pig. 358. ITie base-line and the vertical edge will, of 
course, bo drawn first, then the stones in all their irregularity. 
The description of the mode of building will then bo the best 
guide in drawing the example. Tho sketch should be done 
very lightly in pencil, and a common writing pen may bo used 
for the purpose of inking. 



In, rubble walla the joints, instead of being mado_ to recur 
ttiftaP'^er the other in alternate courses ns with bricks, etc., 
should as oarofully be made to look, so as to give the strength 
of Iwo or three courses or layers between a joint in one course, 
and one that may ooonr vortioally over it in another. In 
bonding through a wall, or transversely, it is much better that 
stones should reach two-thirds across, alternately from 
the opposite aides, than that there should bo a few extending 
the whole way through, called “ thorough stones.” It is, in 
fact, much to bo regratted that through a false economy walls 
are sometimoa built of two thin scales, or. faces, with thorough 
stones plaoed occasionally to tie them together, the core being 
“^de up ot rubble and mortar. This mode cf stmotnre should 
be -racy oarefully guarded against.' Them is no bettor test of 
s worlaQaa.'B sl^ and ju^ment in rubble walling than the 
building of a dry wall—^that is, one without mortar—affords. 


I In drawing Pig. 359, eonrsod rubble, having drawn the ba.se- 
•line and vertical edge, tho linos for the coursos are next to bo 
sketched, nut ruled, for it will be remembered that the stones 
are rough dressed; tho angle-quoins are, however, to be worked 
with greater neatness. All further information will be obtained 
from tho prooeding description. 

Ashlar work (Fig. 3G0) must be carefully and accurately 
drawn, all the lines being ruled, and tho widths of the atones 
measured. In drawing the whole elevation of a building, how¬ 
ever, it is not usual to draw all the courses or single stones; 
a few lines freely but correctly drawn merely indicate the 
Bpeoies of work employed. The method of using the various 
mathematical instruments, together with plain hints on linear 
d»wing,diave been given in “ Projeotion ” and “ Building Con- 
struotion,” and, al&ongh we desire to make each of these 
courses (ff lessons complete in ifaelf, it is obvious that to repeat 
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tSQoh detaentary iuformatioi] in thii plaoe would nooesaorily 
ciixtiul ibe information we deeire to gira on higher branohes. 
Now H tile two mbjeots referred to must be oonsiderod as the 
baeis of the present' study, the reader is urged to take them 
op mthor before entering npon, or together with this; and as 
all praetioal art is based on geometl^, the system on which 
it is intmided to base our instruotion should bo worked as 
follows:—“Praotioal Geometry applied to Linear Drawing,” 
“Projeotion,” “Building Construction,” and “Drawing for 
Stonemasons." By this method the student will learn :—(1) 
The properties of Torioos forms employed, their relation to each 
o^er, and the methods of constructing them in the readiest 
and most correct manner. (2) The manner of obtaining views 
of them as solids, instead of merely as plane surfaces; the 
shapes of sections in various directions, the development of 
their surfaces, etc. (3) The subject of construction os a whole, 
and the adaptation of materials; also the vorions kinds of 
drawings us^ by builders, and the method of executing them, 
and will thus be prepared to enter npon the branch simcially 
his own with that interest which grows from systematic in¬ 
struction. It has been the fault of our artisans to ho oontent 
with merely the amount of knowledge they have obtained from 
each other, and to take interest only in that which related to 
their own immediate branch. This limited view of knowledge 
is at all times to be reprehended, bnt it is especially wrong in 
the trades relating to building, in which the artisans have to 
work 60 closely into each other’s hands. Thns the work of the 
mason and the bricklayer meet, and both must work in concert 
with the carpenter, so os to arrange for his joists, girders, wall- 
plates, partitions, roof-trusses, and lintels, templets, etc. The 
carpenter must arrange so that his work shall snit the plumber, 
whUet it must almost imperceptibly glide into that of the 
joiner, who must again understand the roquirements of tlie 
glazier, looksmith, oto. eto. It will thus be seen that no man 
can be said to be truly efBcient who only studies his own 
oconpation up to a rigidly-drawn line, and the noeossity for 
men being mutually helpful and working harmoniously together 
is thus praotioally shown. 

When ashlar work is smoothed or rubbed so ns to take out 
tbo marks of the U>ols used in working, it is called plane aMar. 
When the surface is wrought in a regular manner, like parallol 
flutes, and placed pcrpendicnlarly in the bnilding, it is called 
fooled anhlar; bnt when the fnoos are worked with a broad 
tool, without care or rcgnlaiity,, the work is said to be random 
tooli d, and when wrought with a narrow tool it is called 
rhistilfd or bons/ed; when the surface.^ of the ashlars are out 
with very narrow tools they are said to bo pointed. When the 
stones project from the joints, tlio ashlar is said to bo rusti- 
eafed; in this kind the faces may have cither a smooth or broken 
.■jurfaco. 

When walls are not entirely formed of masonry, in the ordi¬ 
nary course of economic bnilding, stone is frequently used for 
copings, cornices, string and blocking courses, sills, landing, 
steps, stairs, hoartlistoncs, chimney-pieces, eto.; sovoral of these 
will be found illustrated further on, and wo proceed to speak 
of quoins. 

Qiioin-stoncs are gauged and wrought blocks with parallel 
beds antbvertioal faces, placed at the angles of btuldings with 
the intention of adding to their strength and beauty; they are 
used either with brick or stone walls, and are, as a rule, made 
to project beyond that to which they are attached. Tho quoins 
are covered with tho rest of the wall, if it bo of stone, and aro 
made to occupy the exact space of a limited number of bricks 
in a briok wall. 

Rustic qmins. —In thoso the edges are either bevelled, or tho 
margins recessed in a plane parallol to tho wall. Tho recesses, 
Which aro at the joints, have, therefore, throe sides—one in the 
plane of the wall, or parallel to it, and tho other two generally 
at right angles to this. Bustio quoins were much used in 
brick buildings at tho end of the last and beginning of the 
present oentnxy. 

Rustic work is a mode of building in imitation of simple 
Nature, ratiier thim allowing tho work to have tiio appearanoe 
of having been carefully flashed by art. In this style, the 
stones in the face, etc., of a bnilding, instead of being 
smooth, am hatched or pricked with the point of a!h instru¬ 
ment. 

Tho mosjb coarse or oommolt mstio work is tint wbe^ the 


edges am simply cut about one-half or two-thirds of an inoh 
round the margin, so as to be in the plane of the waQ, or 
parallel to it; and tho intermediate part is broken with the 
hammer, so t^t the protuberant parts may project generally 
abont an inoh beyond the margin. 

Tho recesses of rustics' either run with the horizontal joints 
only, and tho projections have, themfore, tho appearanoe of 
boards placed at small intervals, or sometimeB the recesses run 
with both the horizontal and vertiool joints; and, therefore, 
when placed in this manner, they have the appearanoe of pro¬ 
jecting tablets. 

Rustic chamfered is that class of work in which the faces of 
the stones are bevelled at an angle of 135° with the snifooe of 
the wall, and os tho joints ore at right angles to the faces the 
margins will also bo at 135° with the joints, so that when two 
mstios come together tho bevelling or chamforing will form an 
internal right angle. 

Rustic work frosted is that in which the margins are reduced 
to a plane parallel to the plane of tho wall, and where tho inter¬ 
mediate port has the effect of ice with an irregular Snrfaoe in 
protuberant parts. 

Rustic work vermieulatcd is that whore the margins are 
reduced to a plane parallel to tho plane of the wall, and where 
tbo intermediate port of the stone or general surface is so formed 
as to have tho effect of being eaten by worms. 

Fig. 301 is an illustration of angle-qnoins with bevelled edges, 
each qnoin ooenpying tho height of four courses of brickworlr. 
The student is advised to adopt a definite scale to work to. The 
elementary examides herein given, although generally correct os 
to proportions, ore not worked to scale, in order that the student 
instead of merely measuring and copying tho linos, may abso¬ 
lutely loork the subject. It will be remembered that the general 
size of bricks is a trifle less than 9 inches long, wide, and 2j 
thiok. As there is, of course, some little space occupied by 
mortar, and for convonienco of measuring, wo bore consider 
bricks 0 inches long, 4 j wide, and 2.j thick. 

Having drawn the base-lino and porpendicnlar, sot off on the 
latter tho heights of the quoins equal to Ibnr bricks, and draw 
horizontal lines; between each of these set off the heights of 
the separate courses of bricks. Now draw tho vertical edges of 
the qnoins, and also the double lines representing t^e chamfer, 
or Itovel; the recesses at the ontor edge and at tiie angles will 
bo done 'by means of the sot-sqnaro of 45°. The lines for the 
ooursos of the brickwork may now bo drawn from the points in 
tbo perpondicnlar proviously obtained. This plan is better 
than setting off the height of each conreo of brickwork from tho 
bottom, in which plan the smallest error or inacnnracy is 
carried on and inoroased, whilst in the method hero shown no 
error can extend beyond four courses. 

In relation to tbe mixture of brick with stone ashlar in 
bnilding, Sir Charles Fasley says that tho stone should bear 
a definite proportion to tho thioknoss of the brickwork in tho 
wall, and mentions tbo British Museum, in which the stone 
is from 8 or 9 to 13 or 14 inches thiok, in order to correspond 
with 1 and l-J briok. 

In stone pilasters, projecting from the face of a wall having 
a stone front, the conrses are nsoally equal to two of tbe other 
courses in height, or oven more, it being the onstom to make 
suoh pilasters of mnoh larger slabs than tho other portion of 
the wall. 

Door and window jambs are also generally ma^le in much 
higher conrses, or even sometimeB in one piece, which is by no 
means unnstud. * 

As the joints in brickwork, being more numerous, art HAn 
liable to be compressed, and oonseqnently that portion of 4he 
brickwork is liable to settle mote than the stone front of the 
waU, it is pmdent never to hurry the briokwork, but to carry 
it regularly all round tbe bnilding by portions of a ama|l number 
of courses at a time. 

Fig. 362 represents a section of a wall having a stone front 
backed with bricks. In this example it will be seen that the 
stones are of the height of five oonrses of brickwork, and eight 
or nine inches thiok, with some of twelve or thirtiwn inohes 
tMok intermixed witii them, and “ thoron^" or bond-stones 
at intervals; tiie total thislmess of the wall.is bgoal to three 
brioika. a . 

Hie method of drawing tiiit example is precisely stmilar to 
tile last: no further dJreotions are tiierefore necessary. 
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SEATS OF INDUSTRY.—XIV. 

NOBWIGH. 

BY WILtlAM WATT WSBBTEB. 

Nobwich, the oapital of Norfolk, and a oonnt;^ in itself, is not 
only one of tho most ancient cities, bnt it is also one of the 
oldest centres of manufactaxing enterprise in Groat Britain. 
AjitiquarieB disagree regarding the earlier history of the town. 
On the one hand, it is oontended that Norwich was called Coer 
Owent by the early Britons; that it was the capital of the 
loeni; that Boadicea probably resided in the castle or fortress; 
and that it is the Yeiitable Venta Icenorum of tho Komaus. On 
tho other hand, it is maintained that Norwich rose out of the 
decay of an old Boman town, about three miles to the sontb, 
which, preYious to the Roman ora, was called Oaistor, and is 
now known as Castor St. Edmunds. Tho latter, according to 
this view, was probably the Venta Jcctwrnm of antiqnity. 
There is a couplet to the effect that 

“Caistor was a city when Norwich was none; 

And Norwich was built of Caistor htoue." 

That a Boman camp existed at Caistor is not doubted; bnt it is 
iiUogod that it was placed there to guard the British settlement 
at Norwich, which was then a formidablo stronghold. The 
name Horiti^wic (the northern station or town) was conferred 
on tho place by the Angles, tho people who inhabited Northfolk 
and Sonthfolk; and by .^*76 it had become tho capital of the 
kings of East Anglia. Keeords arc in existence showing that 
tlie rfjastle was occupied by Ilffa, and that it was greatly im¬ 
proved by Anna, in 04a, and by Alfred tho Great, in 87a. In the 
middle of the tenth century, Norwich was a large and wealthy 
town, divided into .several distinct jiarislies; ond in lOOa it was 
attacked and destroyed by the Danish fleet, under the command 
of Sweyn. It now became a Danish settlement, and the castle 
was rebuilt by Canute. At this period Norwich appears to 
have been an importantiidung>town; and in tho reign of Edward 
the Confessor it was a largo. alHucnt borough. In Domesday 
Book it is stated that the city or borough hod a mint, 1,.‘120 
burgesses, 25 parish churches, and from 800 to 900 acres of 
land. William tho Conqueror bestowed tlio castle on Roger 
Bigod, one of his Norman fallowers, who is believed to have 
bnilt the present keep; and it remained in tho possession of his 
descendants till tho reign of King John, wbwv it was finally 
sarrondered to the crown in 1224. In the reign of William 
Rufus, the bishopric of the East Angles was transferred from 
Thetford to Norwich; and tlio first stone of tho celebrated 
cathedral was laid by Bishop Herbert, in lOOfi, tho odifieo 
having been completed by William Middleton, in 1284. Hero 
we may note a remarkable natural change which took place in 
the vicinity of Norwich between tho fifth and tho middle of the 
eleventh centuries. Prior to the fii-st of those dates, tho town Inul 
been washed by an arm of tho sea; but at that period the water 
began to recode, and by the year 10.50 tho chaiinol had assumed 
tho appearance it now presents. Henry I. granted a charter to 
Njrwiohhontaiiiir.g the same franchise ns London enjoyed ; and 
the government of the city was then separated from that of tho 
castle, the chief dignitary being styled •pi-mpositiis, or provost. 
Bp to this time Norwich would appear to have owed its chief 
iraportanoe to the fact of its being a stronghold; and its strength 
■was greatly increased by Edward I. (Loiigshnnhs), who built 
walls round tho town. The same monarch, two years later, 
gave the city the privilege of sending two members to Parlia- 
^i^ent; the tyanchise being vested in tho freomon and freeholders 
Bol ifi leoeipt of alms, down to tho passing of the Bcfoi'm Act 
of 1832. 


I principal seats of oommeroe in England, and especially in those 
situated on tho oast coast, whioh offered facilities for trading 
with the Continent. The Hebrews were wealthy, and their wealth 
excited the jealousy of the people. On the ocoossion of Richard 
I Cosur de Lion, in 1189, the Jews in London were masBacrod in 
; great numbers by on infuriated mob, and the work of extermi¬ 
nation was repeated at Norwich and other towns where they 
had settled, in spite of tho attempts made by the king to pro¬ 
tect them. 

In 1328, Edward III. made Norwich tho staple town of Norfolk 
and Suffolk for tho sale of wool, wool-fells, and cloths; and about 
the year 1336 another and a larger body of Flemings migrated 
to the city, and adde<.l tho weaving of worsted into cloth to its 
othei* iudnstrica. After this date the town appears to have 
mode rapid progress, although its prosperity was frequently 
I retarded by insurrections, plague, famine, and fires. Daring 
j the reign of Richard 11., discontent prevailed throughont the 
1 kingdom, and popular risings became general. Norwich was 
I plundered and devastated by armed bands, which are said to 
have numbered oollectivcly 80,000, led by Litoster, a dyer. In 
I 1403, Henry IV. separated tho city from the county, consti- 
j tutiug it a county by itseif, and grunting its inhabitants special 
I and peculiar privileges. The doctrines of tho Reformation were 
, adopted in Norwich as early as 1422, and several Wiokliffites, or 
I Lollards, were executed there for heresy. By tho year 1.533 
, there were in Norwich twenty independent guilds, representing 
j n much larger number of trades. Tho cloth-cutters, fullers, 

I woollen and linen weavers, and wool merchants constituted 
; one cor{)oration; tailors, broiderers, hosiers, and skinners wore 
' united together in one guild; while tho wax-chandlers, barbers, 
imd surgeons formed a single corporation. It would appear, 

I from an Act dated 1541, tlint tho trade of Norwich had 
^ declined during tho reign of Henry VIII. After stating that 
I “among other cities, shires, and towns, having private com- 
i Tnoditios, tho city of Norwich hath always heretofore been 
maintained and preserved, and that tho poor men, and othei* 

; dwellers and inhabitants, godlity, honestly, and virtuously 
[ brought up in tho same, have been ocenpied and exercised by a 
1 commodity growing and rising only within tho said city, that is 
I to say, tho making and weaving of worsteds .and other cloths, 
which have boon made and woven of yam spun of tho wool 
' growing and coming of sheep hi*ed only within tho county of 
Norfolk, and in no place else; and whereas this trade has been 
of late craftily and deceitfully taken away by men buying up the 
wool of Norfolk, and sending it in » raw state to be manufac¬ 
tured in France, Klanders, .and other places beyonil the seas, 
and by reason thereof tho eity of Norwich and other towns in 
Norfolk are not only most likely to lie brouglit to utter min 
I and dciHiy, bnt the iuhnliitants to be destitute of any way to g«>L 
I an honest living by,” this measure enacts that no Norfolk wool 
1 shall henceforth be exported or worked up out of the cennty, 
under a penalty of forty shilliugs for every pound of yam so ex¬ 
ported or worked up. Bnt thi.s Act did not revive tho drooping 
jirosperity of the town, and the woollen trade remained in a 
depressed state for upward.s of twenty yc’urs after it began to 
bo enforced. 

In tlio year 1549. tlic cuelosnre of certain commons and waste 
lands near Attleborough and ‘Wymondham led to a rising 
similar to the Jncqueric in France, and the peasants’ war in 
Germany. Under the leadership of a bold and resuluto artisan, 
named Robert Kett, or Kiiiglil, a tanner, and his brother 
William, a butcher, the insurgent peasants and workmen laid 
siege to tho eity of Norwich. A enmp was formed, and forncs 
numbering 16.000, mid iiidu<lir.g many of tho city people, were 
collected. Tho hostilitic.- continued for a month, and the 


la the reign of Henry 1. a colony of Flemish artismis settleil , country ronnd Norwich w.is pillngod and laid waste. At length 
S't Woratead, in Norfolk; and this event may be oonsidered an entrance into tho city was offocted, and tho mayor and 
tho starting-point of tJie industrial history of Norwich, which several members of Uio corporation worn taken jirisoncrs, and 
thus dates from tho beginning of the twelfth eentnrj*. Tt is carried to tho camp n.s hostages. A strong body of troops, 
believed that these colonists wore tho first to introduce water- under the comniond of the Marquis of Northampton, marched to 
driven oorn-millB, wind-mills, and fulling-mills into England, ond tho relief of Norwich, hut suffered defeat. The Earl of Warvnek 
that they revived tho spinning and weaving of long woollen and his son, Jiobort Dudley, Earl of Leicester, wore next sent 
••tnffa, and the art of building in brink, which had not been against the insurgents; and after a confliot lasting two days, 
praotteed in the country since the witlidiawal of the Rommis. suooeedod in defeating them, both sides losing about 3,000 men. 
Poridona of Flemish brickwork may 8^1 be seen in several of Three Jinndrcd of tlie ringleaders of the rebels were exeented 
*be old ohurohes of Norwich and Woratead. 'Thore was a on the spot, and the two Ketts were aent to the Tower of London, 
^aidentble number of Jews in the city of Norwich about the 1 to meet the same fate. A^n the Flemings poured into 
middle of tho twelfth century, bjb well as in nearly all the j Norwich, and revived tho prosperity of the town. The peraecu- 
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tiona of the Dnke of Alva, drove larcre nmuborfi of Hng'nonotB to 
eeek refuge in England, and upwards of 4,000 of then settled in 
Konrioh about the year 1S61. But they had oqly fled from one 
form of peraeontion to encounter another, hardly, if at all, less 
oniel. The following paragraph fromMr. Sniles’s “Huguenots” 
powerfully recounts that portion of the history of Norwich at 
-which we have arrived:—“ Although Norwich,” ho says, “ hod 
been originally indebted mainly to foreign artisans for its 
commercial and manufacturing importance, the natives of this 
city were among the first to turn upon their benefactors. The 
local guilds, in their usual narrow spirit, passed stringent regula¬ 
tions directed against the foreign artisans who had originally 
taught them their -trade. Jealousy was excited, and riots took 
place against the Flemings, many of whom left for Yorkshire, to 
lay the foundation of the fortimes of several -towns there; and 
Norwich, left to its native enterprise and industry, fell into 
stagnation and dcoay. The population diminished, riots were 
frequent among the distressed workpeople, and it was even 
mooted in Parliament whether the place should not bo razed. 
Then the corporation determined to call to their aid the skill 
and industry of the exiles. In 1564 a depu-tation of citizens 
waited on the Duke of Norfolk, who sucooeded in inducing 300 
Dutch and Walloon families -to settle in Norwich at his charge, 
and oarry on their trades under a licence from the qnoen 
(Elizabeth). They restored the prosperity of the city; and in 
-the oonrso of a few years, 3,000 foreign workmen were found in 
Norwich, and many entirely new hraneher of industry were 
introduced and in o-peration. Besides sayes, bayes, serges, 
arras, monohade, and bombazines, they introdneed the striping 
and flowering of silks and damasks, which shortly bocamo one 
of the principal branches of trade in the place. The manu- 
faoture of beaver and felt hats, wliich wore f&morly imported, 
was also successfully established at Norwich; and Anthony 
Solon introdneed the art of printing, for which ho was awarded 
the freedom of the city. Two potters from Antwerp also 
started a pottery there.” But the antipathy of the citizens of 
Norwich towards the foreigners was not yet extinguished; and 
about the year 1570 a formidable conspiracy to expel them from 
the oily was discovered, and its loader and instigator, John 
Throgmorton, was seized and executed, after which the refugees 
wore allowed -to follow their ouDings in peace. The foreign 
artisans enjoyed the favour of Elizabeth, who wrote from 
Oreenwioh in this same year, strongly expostnlnting with tlio 
inhabitants of Norwich against their foolish jealousy towards 
the authors of their prosperity. A census of the foreigners' in 
Norwich, taken soon rfter this date, showed that they numbered 
4,000, including women and children, and ten years later they 
were found to have increased to 4,679. Another iu;|uigration 
of foreigners into Norwich took i>I^e towards the end of tho 
seventeenth century, tho artisans in this case coming from 
France, and being skilled in tho manufacture of silk goods, such 
as lustrings, brocades, tabinets, and velvets, while others made 
cutlery, clocks, and watches. In the Oivil War, Norwich declared 
for the Parliament, and was occupied by its forces till Cromwell 
became protector. In addition to its great cathedral, tho 
ooolesiaarioal history of Norwich is remarkable from tho 
onmbor of convents and other religions establishments that 
have flonrislied there, the funds of which have in most ca.scs 
been diverted to charitable uses, and placed under tho manage¬ 
ment of the corporation. 

Tho manofaetare of cotton was introduced into Norwich in 
1784, and the close of the lost century seems to have boon the 
period of greatest prosperity in tho history of the town. Tt lias 
been estimated that the value of the goods exported from tho 
city ot that time to the East Indies, Kussia, and other countries 
(oonaiating ohiefiy of camlets and camlotees, callimancoes, 
worsted satins, figured stuffs, lustrings, damasks, and shawls) 
amounted annually to JJl,000,000, or about ono-fourtoenth part 
of the British manufactured goods exported at tliat period. 
Since that date Norwich has toon outstripped by rival monu- 
faotnring towns in Baacashire and tho West Kding of Yoikslrire, 
whioh have enjoyed greater advantages, cm account of their 
proximity to rich ooal-flolds and the absenoe of corporation 
privileges. Many ditiolee formerly peculiar to Norwich are now 
manttfa^red at cheaper rates elsewhere; and the greater part 
of the yam worked into fabrics at Norwich is spun at Bradford. 
2%e worsted nuuinfaotiires of the West Biding are now for more 
eKteadve and valoohle tham ihofe of Norfolk, la 1719 a sew 


silk and worsted fabric, colled Norwich crape, was mvented, 
whioh rapidjy became so fashionable, that daring Walpole’s ad¬ 
ministration court mourning entirely consisted of it. There 
were about 1,000 persons employed in -the mills for throwing 
silk at Norwich in 1810. 

The dose and influential connection of the Ghtmey family 
with Norwich thronghont many centuries entitles ttom to a 
place in a sketch of that town, however brief, and their story 
forms on important chapter in the history of British eommeroe. 
As Mr. Bourne has remarked, in his “ English Merchants," we 
SCO in the Gurneys “ the almost solitary instance of an ancient 
family that in later times has not been ashamed to engage in 
commerce, and has drawn from it a dignity as groat as any that 
could como from lengthy pedigrees and the traditions of bygone 
ages.” Tho founder of this house in England, Hugh do 
Qournay, Lord of Goumay and Lo Brai, held on important 
command at the battle of Mortimer, in 1054; and coming to 
England with the Conqueror, in 1066, was awarded largo grants 
of land in Norfolk and Suffolk. It would appear that the 
first of tho family who settled in the town of Norwich was 
Edmund Gonrnay, who. in tho -time of Edward III., hold 
an ofiico corresponding to the rocordership. Since that date 
some members of the family have always resided at Norwich, 
and several of thorn have greittly oon-trihuted to its prosperity. 
Towards tho close of -the seventeenth oen-tnry, John Gumoy was 
for thirty years a famous and highly successful merchant in 
Norwich. After serving an apprenticeship to a oordwainor in 
tho town, and suffering three years’ imprisonment in Norfolk 
Gaol on account of his having in his twenty-third year adopted 
tho doctrines of the Society of Friends, ,Tohn Gurney started in 
business as a merchant and mannfncturcr, and, at a later period, 
ns a sort of banker or money-lender. He supplied silk to the 
Palatines and other foreign refugees in Norwich, and built a 
silk-mill there, on the model of the celebrated silk-mill of Sir 
Thomas Lombe, at Derby. When he died, in 1721, at -the ago of 
sixty-six, John Gurney left a considerable fortune and a very 
profitable business to his sons, John and Joseph, in the ac- 
cnmnlation which he had been ably assisted by his wife, 
who, it is alleged, was tho real founder of -the commercial great¬ 
ness of the Norwich Onriieys. Tho sons carried on the business 
-with great success; and John became known in his day as “ the 
famous advocate of tho weavers,” ho having been instromentai 
in obtaining the passing of an Act dated 1721, “to preserve and 
encourage the woollen and silk manufacturers,” which i)ro* 
hibited the use or sale of cotton clothing, under a penalty of £& 
for -tho offence of weaving, and j220 for selling any cotton 
gnrmont. It was the two sons of the “ weaver’s advocate,” John 
and llonry Gurney, who founded tho Norwich Bank, they having, 
in 1770, converted their old dwelling-house, in Saint Angnstino’s 
parish, into a banking-office, and from that dato devoted them- 
Bolvcs oxclnsively to banking transactions. In 1779 -the business 
descended to Bartlett Gnmey, Henry Gurney’s son, who removed 
it from tho original premises. Throe consins and others wore 
adopted os partners, and on the death of Bartlett Gurney, in 
1802, tho concern came into their hands. Of the throe oonsips 
tho most remarkable was John Gnmey, bom in 1750, -(he father 
of Elizabeth Fry, Lady Thomas Fowell Buxton, Joseph John 
Gurney, tho philanthropist, and Samuel Gumoy, the millionaire. 
It was about th^ear 1800 that the oelohra-ted house of Biohard- 
Bon, Ovorend, and Company was founded, through John Gurney’s 
assistance; and in 1807 the firm was greatly strengfeonod by 
tho introduction of his son Samuel as a partner. Until the death 
of JohnOverond occurred, however, the connection of theQnm^vs _ 
with tho firm was kept secret, but after that event it aashmod 
tho world-famous title of Ovorend, Gumoy, and Co. The stoi^’ 
of this firm hardly comes within the scope of this paper; but, to 
complete the outline, it may bo mentioned that the establish¬ 
ment, which had been left in a position of almost unexampled 
wealth and infiuenoo by Samuel Gurney,' who died in 1856, one 
of the richest men in England, was reorganised as a joint-stock 
company, under tho “Limited Liabiliiy Act,” in 1865, and faUed 
on tho 18th of May, 1866. 

In addition to its worsted and silk faotories, Norwich contains 
iron and brass foundries, snuff-mills, -vinegar-works, dye-works, 
oom-mille, malt-houses,^breweries, and oil and mnsteid mills; 
and of late years the mannfaotnre of ladies’ boots and shoes 
has been extensively carried on there; this having), indeed, 
become one of the staple trades, of the city. In the latter 
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branch of industry women and children are principally om- operation; its relations to heat and moiatui-o have much to do 
ployed, but a ooneiderable number of men are enjfagod in it as with its fertility; while if we take into nnn« i.^ n« tt. inn the physi- 
well. The making of agricultural implements is also prosecuted cal conditions under which it is placed, we shall see the import- 
at Norwich with grout success. Bmoe 1833 the commerce of anoe of climate, of inclination or slope to the north or soutti, 
the ciiy, whieh consists chiefly in the export of manufactured and of the relation of soil to subsoil. The study, therefore’ 
goods and agricultural produce to Ijondon and other ports—its of the physical properties and conditions of soils is most im- 
foroign trade being inconsiderable—has been greatly facilitated portant, ospeoially as meana, exist for, to some extent, modify- 
by means of oanols connected with the Lowestoft navigation, ing them. 

which give vessels drawing ten feet of water direct access to the As drainage, clay-burning, and mixing are prooesses by which 
town from the sea. ^ the physical condition of soils may bo mitigated, so the applica- 

Norwioh is situated on the river Wensum, immediately above tion of monvirial substances is the means by which their chemical 
its junction with theYaro, and is twenty miles W. of Yarmouth, condition may be improved. In otlior words, while the soil is 
and ninety-eight miles N.N.E. of London. Soon from a distance, put into the best possible mocbanical condition by the first 
its appearance is very striking; and it has long been called class of iiuprovemonts, it is enriobed and stored with plant-food 
“ the city in an orchard,” owing to the unusually largo proper- by the second. Although the means of improving land miiiy be 
tion of garden-ground which surrounds it. Poi-tions of the old thus dividoil into two classes, they imperoe; tibly glide into each 
walls and towers are still in existence, and there are many other. Thus, while marling exerts a direct effect in altering 
objects of interest to the antiquary in tbe city. The cathedral, the physical condition of a soil, it also enriches it with valuable 
which did not assume its present shape till the sixteenth century, mineral constituents. Even farm-yard dung, the typical manure 
is one of the largest and finest eoclosiostical edifices in the of so many farmers, may bo shown to act both mechanically 
kingdom. The stylo is almost purely Nonuan. It is cruoi- and ohemicaHyupon the soil. The incohanical action of ordinary 
form in structure, and from the intcrscciiou of the cross formed farm-yard dung was strongly believed in by Jethro Tnll, who 
by the nave, choir, and transept, springs a lofty Anglo-Norman attributed its usefulness entirely to its causing the further dis- 
tower of four stories, highly ornamented, and surmonntod by an integration of the soil during its owji decay. Numerous other 
elegant spire, rising 315 feet from the basement of the church, siibstunccs applied to land uxurt this double effect, and thus 
The west eniurance is extremely beautiful, notwithstanding that , improve the physical condition of the soil while they increase 
the more salient ornaments have begun to moulder away, and its store of plant-food, llioro is, therefore, some danger of 
it is from this point the best view of the pile can be obtained, confounding these two actions with each other, and it becomes 
Tho interior of the cathedral is exceedingly imposing and ! necessary to clearly define the moaning of the term ” manure.” 
grand, but tho architocturo is of various iieriods, from the | The usual dictionary explanation of tlic word is soarocly strict 
Anglo-Norman to the English I’crpendioulor, and modem j enough for our purpose; and wo cannot agree with Webster 
lUicratious have not in all cases been improvements. The ! that a manure is anything whie.h fortilisos land, for if this were 
roof is divided by fourteen somi-oircular arches, and there j the case then would tho ordinary tillage operations of the farm 
are *328 elaborately sculptured figures of .Scriptural subjects j come under the definition. Manuring consists in applying sub- 
among tho docoratious. Its cloisters arc also remarkable, both ! stances to tbe soil which snbsoqncntly may be employed by 
for their diinonsions and cinbcllishmonts. Near the cathedral ' growing plants in building up tlicir tissues. The repeated 
are several ancient and valuable specimens of nvcliitecture; and , growth of crops removes plant-constituents from the soil, which 
the city contains about forty churches, and about twenty-two ' it is found necessary to restore by the use of manures. It is of 
dissenting chapels and other places of worship. St. J’etcr's, ' importance to bear in mind tliat the value of a manure depends 
Mancrott, is a largo and handsome cruciform edifice, dating from ' upon tho extent to which it is able to replace the constituents 
the fifteenth century, with a noble tower ninety-eight feet high, ' removed from tho soil by crops. It is, therefore, no matter of 
containing a peal of twelve bells, considered one of the finest in ' wonder that farm-yard manure, composed as it is of tho exore- 
Englond. Among the oharitios of Norwich, the most note- ' moiits of highly-fed animals and decaying vegetable matter, 
worthy is St. Giles's Hospital, which is maintained by rents and should bo a highly-valued fertiliser. Such a substance, when 
other property yielding an average annual revenue of some ' modo under the most favourablo oondiiiona, contains in on 
j 67,000. It provides clothing, food, and a small stipend for IC.'i available form every necessary coustituont of both corn and 


inmates, exolnsive of servants. The Eroo Grammar School of 
Norwich was founded by Edward VI., and possesses endowments 
amounting to about jB 200 per annum, and a fellowship at Coins 
College, Cambridge. There is a public library in the city 
containing 20,000 volumes, and tho library of the Norwich 
Literary Ihatit.ntion consists of 15,000 volumes. In 1821, 
Norwich had 50,288 inhabitants; in 1631, 01,110; in 1851, 
68,706 J in 1861, 74,801; and in 1871, 80,390. Many of the 
sheets are new and handsome, but, as a whole, tho city is in¬ 
differently built. The houses are nearly all of brick, and in 
the older quarters are more remarkable for their ago than for 
their beauty or oomfort. There arc in tho town and vicinity ton 
bridges; and tbe market-place is one of thoMtargest in Great 
Britain, being 600 feet long, by 340 feet in width. 


.Fleming and farming economy.—hi. 

, By Professor WBieHTSoN, Boyol Agiicultoial College, Cireucester. 
MmoAXlON OP PHTBICAL CONDITION OP BOILS—MANLBES— 
PABU-YABD MANDBE, GUANO, BUPNRPHOSPHATKS, ITC. 

Boil, like other substonaos, possesBos physical properties and 
a chemioal constitution. Physioal properties have relation to 
those features which are disoemiblo to the senses in any body, 
simple or complex. Thus a piece of chalk is white, compiura- 
fipely soft, has a definite spooifio gravity, and certain relations 
iio heat, light, eleotrioity, moisture, eto. In tho samo manner 
the soil, whether it boar the character of a retentive clay or 
a blowteg sand, has physioal attribi^s well worthy of the 
fanner’s consideration. Its colour exerts an influonoe upon its 
i^mperatnre; its tenacity has an important effect in its relations 
to uoistoie and to growing plants, as woQ os upon every tillage 


straw, and is eminently adapted both to keep up and increase 
the fertility of land. Other snbstaucos have of late years been 
j introduced to the notice of the former for tho same purpose, 
j and tho uso of ortificiul manures is one of the principal features 
I of modem farming. Artificial manures owe their origin to tho 
light which chemistry has thrown upon the practice of agiieol- 
j turo. No sooner was it discovered that fertility was in a 
j considerable degree duo to tho presence of certain definite sub- 
1 stances in tho soil than tlio idea arose that fertility could be 
maintained by tho artificial application of those sabstanoeB. 

I Hence ammonia salts, nitrates, phos]iliatos, potash, and mag- 
I nesia salts began tu bo successfully emiiloyod in agrieultnxe, 
and the manure trade became an important port of our com¬ 
mercial life. Artificial manures have supplemented, and to 
some extent superseded, the use of farm-yard manure. It is 
important to boar in mind that the value of a manure consists 
in the amount it contains of a few chemical RubstanoeR. This 
is a lesson which formers arc somewhat slow to learn; and a 
sort of superstitious veneration still exists for farm-yard dtmg, 
composts, vegetable and animal matter, or, in fact, anything 
which oorabines bulk, ‘‘gniosiness,” and a bad smell. It is, how¬ 
ever, only chemical analysis which can truly indicate tho quality 
of a manure; and tho basis upon which the chemist makes his 
estimate is the por-oentago of certain fertilising elements. The 
que.stion of farm-yard and other “ natural ” manures, verfug 
“ artificial ” fertilisers, is capable of soiontific solution. Eann- 
yard dung is always a safe, although occasionally on extiav^ 
gant, application to land. It is difficult to make a mistako in 
using it; whereas the proper use of artificial manures re¬ 
quires'considerable knowledge of the roquiremonta of plants 
and the nature of soils. That fertility may be maintoiiied and 
inoioased by artificial mannfca alone has been fully proved 
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at Botiinmsted, b; the long-oontinned oxpeiiinentB of Mr. Lawes 
and ]>r. Gilbert upon tbe growth of wheat. This ia a ease in 
Wbit^ wheat lias been grown, nnder a variety of oiroumatanoea, 
upon tbe aame laud conseoatiTely for twenty-eight years. The 
iMd ia divided into plots, each of which has received a different 
treatment; and from all oi them both straw and grain hare 
been constantly I'emovod for the pitiriod above named. A plot 
constantly unmannrod has given a low average of 14| buihola 
per acre; a aooond, manured annually with 14 tons per acre 
of farm-yai-d manure, 35^ bushels per acre; a third, manured 
with nil artifioial combination of all that tbe plant requires, has 
yielded an average of 36^ bushels per acre, and has been greatly 
improved in prodnotivo power Binoe the commencement of the 
experiment. The above averages are for seventeen years, 
between 1852 and 18GS. Similar trials upon barley for the 
aame period confirm the fact that a soil may be fully supplied 
with mauurial matter by means of artificially produced chemical 
aubatancea. Hence we have good reason to believe that the 
boasted diotnin of "the more etook the more com” is inoor- 
reel, and that there is no essential relation between feeding 
animals and growing com-cropa. 

Manures have been divid^ into two classes— ffenm-al and 
tpecial. A general monnre is a snbstanco containing all the 
neoeaaary constituents reqnirod by growing plants. It is 
therefore able to keep up and increase the fertility of a soil. 
A apecial manure, on the other hand, does not contain every 
necessary constituent, and occasionally only one or two of 
them. Buoh a substance ia, in a qualified aettae, exhausting to 
the soil when frequently applied. Take, for example, the two 
oases of farm-yard manure and " nitrate ef soda,” the first a 
general, and the second a special manure. Bepeated droasings 
of the firat would enrich the soil ; but repeated applications of 
the aeoond -would, by stimulating the growth of &e crop, tend 
to rob it of phosphoric acid, potash, and all valuable consti¬ 
tuents except nitrogen. Nitrate of aoda contains no phosphoric 
acid or potMh, and these being removed in greater quantity by 
plants uuuinr^ -with the nitrate, repeated dressings of ttiia 
substance -would be followed by a diminished store of other 
plant-constitnonts. This is no reason for discontinuing the 
-use of nitrate of soda ns a manure, for a good farmer will 
supply phosphoric acid and other constituents in duo course, 
and the supply of all necessary roanurial substances will be 
kept up in the soil. 

S})ecial manures are useful nnder throe classes of conditions. 
First, when applied to crops which have spooiel requirements, 
as, for example, when potash is used for potatoes, or common 
salt for mangel-wurzel; secondly, when a soil is deficient in 
some particular constituent, snoh as lime or magnesia, the 
addition of which will cause it to approach nearer to the 
standard of a perfect soil; thirdly, when it is employed to 
realise a store of fertility alrendj’ accumulated in the soil. 
This last case is best illustrated by a wheat-crop growing nj-ion 
land in high condition from previous manuring. Here, nitrate 
of soda may bo applied with groat advantage, ns it will at once 
cause the wheat to grow vigorously, and to remove from the 
soil plant-food which would otherwise have remained dormant. 
Thus may nitrate of soda and other special manures be em¬ 
ployed as a means of quickly rooovoring the farmer’s capital 
from the land. 

It may readily be shown that the continued nso of a general 
manure ia not always economical. If, for example, we continue 
year after year to dress a field -with farm-yard manure, while 
wo add to -it all that is necessary, wo are probably also uddmg 
more than is necessary. Certain substances will acoumulato in 
the soil m excess ot what is needed; and a rational system will 
point oat the advantages of using some special manure, so as to 
realise the store ol fertility now present. 

Fann-yard manure, the oldest, and probably still the moot 
important mauurial substance employed in agriculture, is ex¬ 
ceedingly variable in its oomposition. Its basis is the food and 
littw with which tae animals producing it ore supplied, and it 
will bo found to vary in quality according to the oircumstonoes 
under whioh it ia fenmed. Thus the age of the animal is im¬ 
portant, the ntMBure of young, growing oattle being inferior to 
that of older etoek; the kiild of ttiiimal, whether it be % horse, 
ox, sheep, or pig; tile condition of the animal aa to fatness or 
leasaess, and the quality- the food given, all exert their in- 
flualue. The proportion of Sttor to the solid and liquid excre¬ 


ments, the amount of shelter from rain and snow daring its 
formation, and the otter treatment to whioh it is subjeoted, all 
bear upon the value of farm-yard manure, and render toe forma¬ 
tion of' the best dung a complicated question. The best farm¬ 
yard dung is obtained by mixing toe manure produced by 
various animals maintained on toe farm. Horse-dung ia pro¬ 
verbially hot, being oomporativoly dry and rich, and quickly 
ferments and becomes mouldy. Fig-manure, on toe other 
hand, is considered oold in its nature, and toe exorements of 
both these animals are improved by being mixed -with that of 
cattle. These points should be attended to in toe designing' of 
farm-buildings, and the horse-stable and pigsties should be so 
arranged that toe dung and litter may bo convenientiy spread 
over fold-yards. Sufficient shod and loose-box accommodation 
should also be provided; and the open yards must be “troughed,” 
BO os to protect too manure from rain, and economise litter os 
much as possible. By these means straw ia saved, and a good 
quality of manure is obtained. With regard to toe staple 
manure of the farm—that produced by horuod cattle—tbe best is 
made in loose boxes, or well-protected and small yards, by fatting 
cattle fed upon cotton or linseed cake, meal, and a few roots. 

It was formerly too almost universal custom to cart the dung 
from the fold-yii^s, place it in heaps near the field for which 
it was destined, and to turn it once or twice, so as to promote 
decay. The advantage of allowing this decay to take place in 
too land is now so universally allowed that moat good fanners 
prefer to cart a large proportion of their yard manure direct to 
the fields in the autumn, and ilicro to plough it In. This ia a 
great improrcnient upon tbe older practice, espeoially upon the 
heavier classes of soils, which derive considerable advantage 
from toe decay of vegetable matter within them. 

Farm-yard manure is useful for all crops, and is applied at 
almost all periods of too year. Immediately after harvest, and 
thronghoat autumn, it is carted on to toe land intended foffthe 
next year’s root-crop ; in winter it ia applied to young seeds; 
in spring, to potatoes and mang^el-wurzol; in summer, to 
various root-crops, bare fallows, and land intended to be 
broken up for wheat. The major portion is usually applied to 
the fallow- or root-land; but many good agriculturists prefer to 
cart a considerable amount on to clover and other leas, in antici¬ 
pation of wheat. Half the yord manure may bo well employed 
for this purpose, and it will exert the maximum effect when 
applied to young seeds in the winter or early spring. This 
secures a good hay-crop, and it has frequently boon observed 
that such a crop is followed by a full crop of wheat. Hic 
remainder of the yard manure -will be beat applied -to toe 
root-land jfrora which it is intended to cart the produce to 
the folds; and the roots which are to be eaten on toe ground by 
sheep may be grown with the help of suporphoaphates and 
other artifioial manures. 

Of late years much attention has been directed to the beat 
method of using straw. It has been shown that this material 
may bo employed for feeding purposes, and that it is too valu¬ 
able to bo employed for litter alone. Accordingly, toe greatest 
economy ought to bo observed in using it for tiiis latter pxr- 
I>ose, and buildings should be provided to prevent its waste. 
Some advanced farmers, like Mr. Moohi, have adopted a system 
of feeding cattle and pigs upon sparred floors, and so have 
rendered the use of straw aa bedding unnecessary. In such 
coses too excrements of the cattle fall through between the 
spars whioh constitute toe floor of toe sheds or box^, and are 
washed, by means of water, to a large tank, from which they 
are pumped as liquid manure to all parts of the farm. Inprder • 
to carry out this plan, iron piping and hydrants are reqoi^ tiP 
convey tlie liquid manure over the land, and also an engine to 
complete its distribution. Wonderful results have been obtained 
at Tiptree Hall by the use of suto liquid manure, but it is by 
no means proved that there is any -true economy in the con¬ 
version of solid excrements into toe liquid form. lu cwdinaiy 
farming it is 'too opinion of most praotioal men that toe best 
phm is to shut out all extraneous water by properly atraiV*’^ 
bnil£nga, and to convert the whole solid and Uqnid exiseta into 
solid mannre by the use of a Euffioient amount of litter. StraiW 
need not he exclusively used for this purpose, altoongh it will 
be long before, even ix- well-farmed diatriota, ita funotion as 
litter ends. Ur. Boadoll, of Chadbniy, reooromends burnt 
day as a means of absorbiog dung and urine, and other agri- 
oulturiste have employed sawdust, potato-haulm, and other 
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porooB inateria.18 obtainable. Another diffloulty in finding a 
better use for etraw ie the abenrd reatriotione prevailing in 
agreements for lotting land. The farmer is very often for¬ 
bidden to Bell atratr; and ahonld hu farm be adapted eepecuilly 
for oom>growing, he hag a large enrploe d tiiis substaiioe, which 
he is only too glad to crash into farm-yard mannrc. So for, 
therefore, from eoonomiBing straw, it is not nnoommon to find 
fimners purchasing cattle for the avowed purpose of “crushing 
down the straw,” and this in advanced districts. Landlords 
would consult their own interests by removing snoh vexations 
restriotions from intelligent tenants, and allowing them to sell 
the preduoo of their farms in the best market; and it is absurd 
that straw, which commands a high market value, should, 
through a foolish clause in a lease, be trodden into inferior 
farm-yard manure. 

There are oilier sonreos of manure upon farms than that of 
the domestic animals maintained upon it. JSvoiy kind of vege¬ 
table refuse, such us weeds, h^ge-clippings, haulm, leaf- 
mould, etc., should be collected together and mixed with lime, 
at the rate of one load of lime to five loads of refuse. The 
whole should be turned at least twice, and subsequently carted 
onto the land—not, however, until the roots and seeds of weeds 
have been killed by contact with lime and sufficient turning, 
Such a oombixuition of lime and vegetable refuse is what is 
termed a “compost-heap,” and is seen wherever neat farming 
is carried out. 

Farm-yard manure and composts are staple manures; but the 
requirements of modem agriculture introdnoc a largo class of 
substances to our notioo which, under the names of “hand,” 
“imrtable,” “artificial,” and “special” manures, play an im¬ 
portant part in rural economy. Volumes might bo written 
upon the composition, uses, and effects of those manures, and 
it is no easy task to give even a general notion of their appli¬ 
cation to the numerous soils and crops for which they arc 
specially ada]>ted. The terms nitrogeaovi and tuinovl have 
been somewhat unphilosophically employed in classifying these 
fertiliseK. The first term requires no explanation. Tt em¬ 
braces all manures in which nitrogen plays a conspicuous part, 
such as many guanos, nitrate of soda, sulphate and other salts 
of ammonia, blood manure, rape-cuke, fish manure, animal 
refuse of all kinds, etc. “ Mineral miwiure.s" comprise super- 
phoepliato of lime, salts of potash and magnesia, lime, and, in 
general, substances which supply ttie fixed or non-volatile parts 
of plants. Every plant-constituent is essential, but all are not 
equally abundant. The two elements of plant-life which np to 
this time have been most iu demand ore phosphoric acid and 
nitrogen. Accordingly, pbosphatic and nitrogenous manures 
command a high price, and are very largely employed by 
fazsaers. Of late years increased attention has boon bestowed 
upon potash salts, but they are not yet so familiar to agricul¬ 
turists as the two former classes of mannres. Phosphoric acid 
is supplied in “ suiicrphosphates,” manufactured from bones or 
natural mineral phosphates, such os apatite and phosphorite. 
It is Sold at from £5 10s. to £7 per ton, and is applied at 
jbe rate of from 3 to 6 owt. per acre. Tlicso phosphatic 
manures exert the greatest influence upon llic root-crops of 
the farm— i.e., turnips, swedes, and mangel-wurzel; they are 
also effective upon clovers. Nitrogenous manures are more 
peculiarly adapted for graminaceous plants, such us the 
meadow-grasses and the cereals, upon which they exert a 
most marked effect. Thus the two principal phint-cnnstitueuts 
needed oa applications to growing crops ore added to ths land at 
Afferent periods of the “ rotation,” mid the field is maintained 
in fi fertile oondition. Eeverse the order, and top-dress wheat 
‘witii superphosphate, and swedes with nitrate of soda, and the 
manure in both cases will be oil but wasted. 

We oonolude these remarks upon manuring with a short 
summary of the manures usually employed, the crops for which 
they vre most suitable, the quantities usually applied, and tho 
season of the year at whioh they may be used with the greatest 
-effeot. 

Farmyard manure, useful for all crops s applied at tte rate 
of frtnn 10 to SO tons per acre, at various seasons of the 
ffeor, aodor^g to the requirements of eaoh crop. 

Bope-dtuf, mustard, cotton, and castor~eake have all been 
need, but especially the first. They*ue rich in nitrogen, and 
Ooaatsin valuable “mineral” oonstitnents; they are applied to 
and cereals with snocess, and should be distributed 


during damp weather in spring and summer, at ths rate of 5 
to 7 cwt. per acre. 

Qreen Manurinj, or Manv/ring with Fresh Vegetable Matter. 
—Spurry, white mustard, and turnips are employed in this 
country; and rye, clover, buckwheat, white lupins, rape, borage, 
etc., have been employed abroad. Sow at the end of harvest, 
smd after two months plough in, as a preparation for winter 
wheat. It has been rouommondod to sow and plough in three 
successive crops of white mustard, as a means of both anriohing 
and cleaning land. 

Sea-ware, or si-’o-icwl, is washed ashore in vast quantities on 
some portions of the sea-board, and forme a very valuable 
dressing for young wheat and grass-land. Its non-fibrons 
structoro allows of a rapid decay, and its large per-oentage of 
nitrogen makes it a valuable maiinio. It is of greater value 
per ton than farm-yard dung. This manure is much used in 
the western counties of England in manuring for potatoes. 
After having been carted from the sea-side to some convenient 
spot, it is allowed to lie and rot before it is carried on the 
ground. The smell of the rotting sea-weed is most offensive; 
but although it is most unpleasant to the olfactory organs, it is 
uot considered to be unhealthy. 

Composts have been already referred to. 

(t'uuiio, or tho excrements of soo-fowl, amassed under favour¬ 
able conditions fur many ages, varies in composition according 
to tho olimatical inflnonoe under which it has been formed. 
Peruvian guano is highly nitrogenous, and contains also a large 
per-centoge of phosphates. Guano is applied as a top-dressing 
to cereals and grasses, and in the north of England and Soot- 
lund is largely employed in turnip cultivation. It is applied 
at the rate of 2 to 4 cwt. per acre us a top-dressing, and in 
conjunction with superphosphate and form-yard manure for 
root-crops. 

Hair, skill, lorn, n oo?, blood., fish, etc., are aU employed, 
either as pre;)ured manures oi’ mixed with earth, and applied 
os composts. Those sabstannos arc largely used in the cultiva¬ 
tion of hops. 

Sulphate and Muriate of Ammonia and Sulpho-muriafe of 
Ammonia .—These highly-nitrogenous manures aro iiecnliorly 
adapted for grasses and coroals. They may bo applied os 
spring-dressiiigs, at from 1 to 2 cwt. per acre. 

Nitrates of Potash and Soda .—The former is rarely used, on 
account of it.^ high price ; the latter is one of the most effective 
wheat manures wo possess. It must bo applied in the spring, 
as it is apt to waste through the soil when subjected to long- 
continued rains. It should be sown nt the rate of from 1 to 
2 cwt. per aero. 

Common snlf is supposed to increase the strength of straw 
in coroals. and it has a marked effect on mangel-wurzel growing 
on light soil. Th-s effect of common salt is, however, exceed¬ 
ingly various, and sometimes injurious (Anderson). It may 
be used at tho rate of 5 cwt. per acre, 
i Salts of Potash, Jioinilc .—Owing to tho discovery of crude 
potash salts in Germany, ijotush is now offered at a cheap rate 
to farmers. Its value is not yot tliorouglily appreciated, but 
it is likely to prove very valuable os a manure for potatoes, 
clover, and probably other leguminous plants. 

Sujxrphosphates, Dissolrrd Pones, Bfincrac Superphosphate. 
—-These substances aro more generally used than any of the 
other portable manures. It is by moans of superphosphates 
that tho swede and turnip crop is principally raised. These 
manures aro also beneficially applied to grass-laud, where they 
sweeten tho herbage rather than increase its bulk. For cereals 
their use is somewhat doubtful, but they are used for this pur¬ 
pose in combination with nitrate of soda. 3 cwt. per aero 
is a fair dressing for turnips or swedes; sown with the seed, 
and either mixed with ashes (burnt soil) or water. 

Inch and Half-inch Bones, Bone-dust .—The timid farmer, 
who fears to trust himself in the hands of the manufacturer, or 
who is unable to read a chemical analysis, prefers the gonuino 
and visible bone to tho impalpable superphosphate. Bonos 
may be at oiieo applied, or dissolved at homo by means M 
sulphuric acid. They form an excellent turnip manure, and 
half a ton per acre applied to grass-land is a good permanent 
improvement. 

Lime may bo applied in the form of marl or chalk, or it m^ 
be calcined in a kiln, and distributed over the land as olakea 
lime. (^ our second papsy, page 171.) 
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OBJECT DRAWING.—Y. 

It will have been obnerred by tiie attentive etadent that the 
prinoiplee which govern object, drawing are identical with those 
whioh have been explained already in onr lessons in “ Praotioal 
Perspeetivo,” and that mnoh whioh is said in the present series 
of lessons lias beon already laid down in detail in that all- 
important snbjoot, whioh may well be termed the “ grammar 
of drawing.” It must, however, bo remembered that the aim 
of each scries of lessons is different, and that in “ Object 
Drawing ” the pnpil is tanght to apply in delineating models 
and other subjects, tmthfnlly and readily, bnt without rule 
and oompasB, the varioas rules and processes that he has 
worked out by the aid of instruments 
in our lossons in “ Practical Per¬ 
spective.” 

We now proceed to apply the prin¬ 
ciples which were laid down in the 
lost lesson. 

Fig. 81.—In this example it will bo 
seen tiiat a b is the edge of a cube 
which is nearest to the spectator, and 
this must therefore bo drawn of its 
proper length. 

Now from a and h draw linos to ® 
the horisontal line, which, in this 
oase, is above tho object. Tito vanish¬ 
ing-points will now be outside of tho 
paper. 

The cube is supposed to bo placod 
at equal angles ; but, as tho oye is u 
little towards the right side of tho 
olgoot, the lino a d will be longer 
than a c, and thus tho right sido of 
tho modol will be represented ns it 
would actually appear—wider than 
the loft. 

Having completed the base of tho 
cube need, and raised tho perpen- _ •'! 

diculars cf and d g, from / and g draw F'g. 37. /, 

linos to the opposite vanishing-points, , 

and their intersection will give the '' 

distant angle of tho upper surface of / : 

the oubo. , , 

In this quadrilateral draw dia- ' , 

gonsls, and at their interscotion raise ‘ ‘ 

a porpondioular. On this mark tho / ' 

height of tho pyramid, whioh will bo , 

oompleted by drawing linos from tho ‘ ; 

apex to tho angles of the upper sur- >' . 

face of the oubo. ,< 

Kg. 82.—This is tho slob already , ' 

drawn in a previous lesson (Kg. 24), ' ! 

and will require but littlo explana- t i 

tion. It stands on edge, its sides > 

being parallel to thoso of the cube (Fig. 

81); and therefore tho lines whioh are 

horizontal in the model will oonverg^e . 

to the vanishing-pomts belonging to /'v / ^ 
Kg. 81. 

It must, of course, be borne in 
mind that whatever may be the 

inolination of thoso surfaces to the picture-plane, so long as 
the edges are horizontal—that is, parallel to the ground — 
their vanishing-points must be on iiie horitontal line. 


Fig. 36 . 


Kg. 83 is an equal-sided triangle or prism standing on its 
end, one of its rectangular faces bkng parallel to the plane of 
the picture. 

Now it is evident, that if a sheet of glass were placed ver¬ 
tically so as to touch the perpendioular a b in i%. 31, and 
a'' b" in Fig. 33, the sides of the triangnlar prism would recede 
from it more suddenly than would those of the cube, because, 
as shown in Fig. 34, tho angle between the face of the cube 
and tho picture-plane would be tS**, whilst in tho case of the 
triangular prism (Kg. 35) it would be 60°. 

Therefore the vanishing-points for tho triangle will bo nearer 
to the (Hirpendioular than they would be if the object to be 
i represented were a cube. The width of the sides mast depend 
on the position of tho spectator; bnt 
D however much tho oye may be moved 
to tho left or right, the points e d 
and ef must bo on the sumo horizontal 
linos BO long as tho object is placed 
at equal angles. 

Tlie student is urged to remember 
that tho present coutsm of lossons is 
not by any means intended to super¬ 
sede, or to be a substitute for, the 
study of perspective proper. Its ob- 
H jeot is (1) to give general elementary 
notions of solid forms to beginners, 
and by showing them tho absolute 
necessity for really sciontiilo know- 
lodge, lead them on gradually to tho 
more severe studies of projection and 
perspeetivo; and (2) further, it is 
hoped, that to those who have alroady 
from our previous lessons ouquirod 
some knowledge of perspective as u 
B science, the studies herein will afford 
opportunities for carrying out by tho 
hand and eye alone the principles 
wliioh they hove previously worked 
•\ out uith the assistance of rule and 

* , compass, and will suggest to them 

tho method of sketching the thou- 
,', sands of objects which they see 

, around them. 

'* ' Again and again it is earnestly im- 

't pressed on all who would really derive 

, from these lessons all the benefit in- 

' , tended, that they mutt not merely 

\ ' cepif (/ic.%irrrs; but that they should 

'' place the models, and draw directly 

from them; and further, when they 
< have mastered the objects in the pte- 

^ ' scribed positions, they are advised to 

^ change their places and apply the 

\ \ principles whioh have b^n laid 

_ 1 _» I down. 

' ' proceed to speak of t8e 

method of drawing cirolos and eylin- 

-V-drioal bodies, and must at the onset 

y'X remark that perspective does not 

deal with circles or other ourves as 
■y such, but requires that they should 

' bo enclosed in rectangular forma; 

those are then put into perspective, together with the poifita 
in them through whioh the curve passes. In the case “pf a 
' cirele, the nearest reetangalai form whioh can enoloso it is a 


The ztndent must understand that when the term “ hori¬ 
zontal ” is used in relation to the object, it is meant in a diffe- 
rent sense from “ horizontal ” in tho drawing. Thus in Kg. 11 
(page 132), the upper and lower edges of the front square of the 
cube ure horieontal in tho model, and are rendered horizontal 
in the drawing because tho surface is parallel to the picture- 
plane s but the nppOT and lower edges of the right-hand side 
of the cube are borizontal also in the model; yet as they are 
at right angles to the picture-plane they are drawn to tho 
point of sight. Again, the lines a'd, V e, V e, and a fin tho 
model (Kg. 82) under oonsideration, are all in realxty hori¬ 
zontal lines; but being inolhwd to the pioture-jdane, they 
converge to the vanishing-points a'. already shown. 


' square; and wo will therefore show the method of drawing 
a circle by this means. 

In Fig. 36 is a oircle whioh wo require to draw when lying 
horizontally below the eye of the spootator. 

About the oircle desoribe the square A n D c, and in it draw 
the diagonals A s, B c, and the diameters b b and a R. Now 
proceed to the sketch (Fig. 37). From a' and b' draw liaes to 
the point of sight. Draw the line o' i>', representing tlw book 
of the square. Draw the diagonals a' n' and b' o', and the 
diameters tt V, o' h'. 

Haviiqr proceeded thu's far, return to the original figure, sad 
draw the lines c and / through the points where the oirdla 
passes through the dia^nals—^viz., g, i, h,j. 
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Maxk off on Kg. 87, from a.' and s', the distanoe i. e or b/— I in parallel to the pietore, and therefore retaini ita goometrioal 
via., a' a' and b'/'; and from these pointa dncw lines to the | shape, Varions methods for oonatmoting polygons are given 
point of sight. Those lines, passing through the diagonals, ' in lessons in “ Practioal Geometry applied to Linear Drawing,” 
give tbe points g ', i', h', j', . . ! •'*’ “ assumed that the student has already acquired this 

lEight pointa are thus obtained—viz., s', g', a', {f', g', h', | knowledge; if not, he is urgently advised to oommenoe the 
and K. Through these the curve which is the perspective ! study at once, as it is the basis of all other useful drawing, 
representation is to be drawn. | The figures in tho present study are not, however, intended 



Now, as the circle just drawn is shown to bo described in a to be constructed geometrically, but tho knowledge of the prin- 
plane vivMrc, it is clear that a cylimUr would bo containod in ciples will materially aid in the rapid and oorrect delineation, 
an oblong block, the ends of which are squares. Having, then, drawn the octagonal end, draw lines from tho 

Proceed, therefore, to sketch such a block (Fig. 38), and, angles to the point of sight; and it will bo remembered that 
guided by the knowledge of the principles hud down in Figs, the distant end, since it is parallel to the near one, retains its 
.36, 37, draw the elliptical figures representing the upper and regular shape so that no further instruction will be necessary 
lower ends. ! to complete this object. 



Great care must be taken in drawing the xtorpcndioulars; 
they must join the curve in a smooth manner, so that no sharp | 
point of junction is visible, and yet the object must not appear 
as if it were rounded off at the bottom, which gives a cq-Under 
an unsafe or sack-like appearance, and makes it look as if it 
would not stand upright. 

It is needless to say that a cylinder nlaced horizontally would 
be drawn in a similar method; the”position of the oblong 
being eheaged anoording to that of the qylinder. 

F4r- SS.—This is an octagonal prism. The end of the priSm 


Fig. 40 is a perspective view of a oone. Having drawn the 
figure containing the base, draw diameters, diagonals, etc., and 
raise a perpendicular from the interseetion. 

Trace the curve in the quadrilateral, and draw the linos for 
the surface of the cone. 

It is needless to say that these straight lines, enclosing 
curved forme, are only to bo used as guides in the early stages 
of stufly: but a very little practice will soon enable the student 
to sketch the required form at once, using merely a horizontal 
! for the diameter. s 
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THE ELECTRIC TELEGRAPH.--XII. 

By J. M. Wiessa, B.A.. 

BOVbB’S PBINTINO XEUIORAPH—HUeHES’S IKBTBTJMBNT—IN- 
BTBDMBNTS tJSKD AT PBK8ENT TIME IN THIS COtTNTKT 
—^ABBANOEMENTS AT CENTBAIi OFFICE—CONCIiWEION. 

The ftlphabetioal or universal telegraph wo have just described 
is admirably adapted for use on private lines, and has boon 
oxtonaivoly adopted. For ordinary telegraphic purposes, how¬ 
ever, it is far inferior to the single-noodle and Morse iiistruments, 
as a less degree of speed is attainable by it; and, at the same 
time, its more complieated construction renders it mure expensive 
and liable to get out of repair. The olootrio current, too. is 
produced by induction from a permanent magnet, and is there¬ 
fore too weak to bo used on long linos. 

Many attempts hove boon made to produce an instrument 
that should print its messages in ordinary printing cLaroeters, 
80 that the strip itself as received might be sent out of the 
office without the labour and risk of transcribing. In Bonelli’s 
printing telegraph, already described, this is accomplished; but, 
08 we saw, five lino-wires are required instead of one, and the 
instrument is thus rendered of little praotioal value. Several 
others have been devised to attain the same end with one wire. 
In most of these the letters of the alphabet and other signs ate 
engraved round the edge of a steal typo-wheol, which is made 
to revolve by clockwork, and the motion of which is controlled 
by means of a scape-wheel and an electro-magnet, somewhat in 
the same manner as in Breguet’s instrument, dosoribed in our 
last paper. 

This type-wheel revolves against an inked roller, and is made 
to stop when the letter to bo printed is opposite the paper 
strip. The strip is then, by moans of suitable mechanism, 
pressed against the inked typo, and thus the letter is printed. 
As the strip recedes from the type, it is drawn forward a short 
distanoe, so os to bo ready to receive the next letter. One 
blank space is left in the typo-wheel, and this leaves a blank on 
the paper. By sending this an interval is loft between the 
different words of the message. 

An instrument of this kind, invoutod by a Mr. House, of How 
York, was extensively adopted on many American lines. Tlio 
oontact-wheel by which the curronts were sunt was divided 
into twenty-eight spaces, for the twenty-six letters, the full atop, 
and the which loft a blank on the recording strip. Eouh 
alternate space was then cut away, so that it really became a 
wheel with foortoon teeth. A spring was pressed against these, 
SO that the contact was alternately mode and broken at ouch 
letter. On the axis of this wheel was placed a cylinder, with 
twenty-eight pegs fixed at equal distauooe in a spiral line 
round it. 

The letters were engraved on the notes of a key-board, some¬ 
what resembling that of an ordinary piano ; and when any one 
was pressed down it raised a earn, which caught against the pin 
on the cylinder corresponding to its letter, aud thus arrested its 
motion at the right moment. In the receiving instrument the 
paper was pressed against the ty])e by a moohnnicol arrange¬ 
ment, and not by an electro-magnet, as is done in most similar 
instruments. 

Hughes* a printing telegraph is a yory great improvement on 
this instrument, and is now in constant use on many important 
' lines, both in England and abroad. It is the only instrument 
which prints its messages in ordinary type tlmt is now omployoil 
by the Postal Telegraph Department in this country. 

The principle on which it acts is to ensure the synchronous 
movement of an inked type-wheel at each station. In this 
there is, of oourse, groat practical diffioulty; but it has been 
folly overcome, and though the type-wheels make 120 revolu¬ 
tions a minute, they keep time with the greatest accuracy. 

The regulator employed for attaining this uniformity of 
motiem oonsuts of a spij^ vibrating spring, firmly fixed at one 
end. The igrpe-wheols are set in motion by a heavy weight and 
B train of clockwork. A small fly-whoel driven by this is con- 
neoted to the free end.of the vibrating spring, eo that the greater 
the motive power the greater will be the ore of vibration, but 
its rate will remain uniform. In order to adjust it accurately, 
a email sliding might is plaoed on the spring, and this can 
ea^ be mov^ and clamped at any required place.' This 
spring, therefore, acts in the same way as the pendulum in an 
ordinazy dook, aiul is oapiriile of as delicate a^sstmeot. 


Even with this, however, the type-wheel might be very 
slightiy out of position, and thus would not print the letter 
olearly. A wheel with wedge-shaped teeth, knows as a “oor- 
reotor,” is therefore mounted on the same axis as the type- 
wheel ; and just before any letter is printed, a wed^-shaped cam 
strikes between the teeth of this, and foroos it into its exact 
position. This correction takes place at every letter that is 
printed. 

The construction of the whole apparatus is for too oomplioatod 
to allow of the details being explained in the short spaoe at our 
disposal, and almost any description would require on instrument 
by the side to render it perfectly clear. Its plan of working 
may, however, bo easily understood. 

The letters and signs are engraved on a key-board similar to 
that employed in House’s insti'umeut; two letters are, however, 
placed on each key, and there are two blanks. Either sign may 
theu be sent at pleasure, aocording to which blank we depress. 
In this way fifty-four different characters, consisting of the 
letters, numerals, and various signs, are sent with twenty-eight 
keys. On the type-wheel the letters and figures are plaoed 
alternately, and by a suitable arrangement either can be printed 
at pleasure. 

In the centra of the instrument is a horizontal brass disc, 
with a number of radial slots cut near the circumfereuoe. These 
correspond to the signs on the key-board, and as any key is 
depressed a pin connected to it by means of a lever is nusod 
through the corresponding slot. Above this disc is a vertical 
shaft, revolving simultaneously with the typo-wheol, and carrying 
a contact-making arm. As this revolves it comes in contact 
with any pin that is raised, and immediately causes a current 
to pass along the lino-wire. This current sets free the printing- 
gear at each station, and thus causes the required letter to be 
printed. The keys corresponding to the successive letters of 
the message are then pressed down, and these ore in like manner 
printed. In the typo-wheol is a blank corresponding to one of 
the blank keys; this is sent at the end of each word, and leaves 
a space between it and the next. In this way the message 
is transmitted at a conaidorablo speed, it being found that 
thirty or forty messages per hour may easily be sent by the 
uistrument. 

The electro-magnet which sets free the printing-gear is of 
peculiar construction. As the type-wheel revolves very rapidly, 
it is important that the paper should bo brought into oqutact 
with it and again withdrawn as quickly os possible. A per¬ 
manent horseshoe magnet is therefore employed, and has soft 
iron polos fitted to it, and wound round with fine wire. A spring 
on the armature tends to keep it away from the polos of the 
magnot. The tension of this is capable of adjustment by 
means of a screw, and it is so arranged that when the armature 
is against the poles the permanent magnetism is just suffidont 
to maintain it there dospito the resistance of the spring. As 
soon, however, as the current travels round the coils, this 
permanent magnetism is reversed, and the keeper instantly flies 
away. In doing this it unlocks &e printing-shaft, and allows 
the strip of paper to bo rapidly pressed against the type-whe^l 
and again withdrawn. By this latter movement the keeper is 
brought bock again to the polos, and retained there till liberated 
by a fresh current. 

The printing-gear i.4 so arranged that at each letter printed 
the paper is drawn forward a short distance, so as to be ready 
to receive the next letter. * 

The strip of paper printed in this iustrumout is out i}Pi 
gummed to one of the ordinary message-forms, and sent out. , 
Ho record is thus retained in the reoeiving-offioe, but tSa is 
not of much importataee, as the message is printed simnlta* 
neously at the offlee from which it was sent, and the strip there 
is oorefully preserved, should there bo any need to refer to it 
afterwords. Before commencing work each morning a few 
blanks are sent, that is, the some key is preesed down several 
times in succession. If these print the same letter at eabh end, 
the vibrating springs ore oorreotly adjusted; if not, they must 
be altered, and then all is ready to oommonoe work. In order 
to start the type-wheels simultaneously,« oatoh is provided, and 
by preesing on this they can only start from the blank. 

We have now haetily described aU the chief forme of telegraph 
that have oomo at all into use, and it ie hoped the stndaat hae 
acquired each a clear ineight into fhrir action that 'he will 
eo^ understand the principle of any other iaethaneidi lie may 
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moet a tew oi these TatiotiB instxamenta ate, how-' 

OTor, in aotoal work in this aonntry at the present time; some 
othm ware fot a time worked by different private companies, 
bat hare been diseontinaed since the varioas lines were taken 
over by the Oovemment. 

A short aooount of the inetramants in use at the Central 
Telegraph Office in Moorgate Street, London, Viil firiro a good 
idea of the state of the telegraph system in England at the 
present time, and thus serve well to bring these iiapers to a 
olose. 

In this office there are several hundred instruments of various 
kinds constantly at work, the electricity required being gene¬ 
rated in batteries which are placed in collars beneath the 
bnilding. The wires from these are led to the different instru¬ 
ments as required, under the various floors of the bnUding. 

One portion of the building is called the Metropolitan Gallery, 
and is set apart for messages to and from various parts of Lon¬ 
don ; a separate division is used for provincial messages. 

Desks or counters are placed across those rooms from side to 
side, and along these, at distanco.s of a few feet, are placed the 
various mstruments, nearly all of which are worked bj young 
women. In front of each sits the clerk, with a supply of forms 
for writing the messages on placed in front of her; and over 
most of the 'instruments in the provincial gallery is placed a 
label showing tlio town with which they are in communioatiun. 

By far the greater number of instruments are tho ordinary 
single-needle and the Morse recorder, which have already been 
described. Nearly all of tho singlo-noedle instrumonta are, 
however, now worked with a double tappet, similar to that 
described and flgured in Vol. I., page 401, instead of with the 
barrel commutator previously described, this being now almost 
entirely confined to double-needle instruments. 

The commutator is usually fixed in the same case as the coil, 
so that the two tappets or finger-plates project from it in place 
of the handle. Tho instruments made in this way arc cheaper 
and loss liable to get out of repair, though many of tho clerks 
prefer the older form. 

Morse instruments of every kind ore also to bo seen. In what 
might be called the standard form, the key, meurdor, and galva¬ 
nometer are placed on tho same stand: but there is a very groat 
diversify in the form given to the different instruments. All, 
however, act in tho sumo way, as has boon fully explained. 

A few of Wheatstone a automatic instruments, somewhat 
modified, may also be seen m one of the rooms. In these the 
paper strip is punched in a somewhat different way from that 
already described, tlio object of the alteration being to allow 
tiuj ordinary Morse recorder to be used cither with the key or 
tho punched strip. Tho punching apparatus is so arranged 
that at eaoh blow on the anvil two holes are punched, one at 
each edge of the strip. When a dot is to bo sent, these 
holes are placed directly under one another, thus Ij, while a 
dash is denoted by two placed in this manner, ®o j and tlio 
transmitting apparatus is so arranged that those cause one 
ouxrent of longer duration to be sent, and so print a dash at the 
teoeiving station. A middle row of holes is punched along the 
paper at the same time to space the words. The word “ Morse,” 
as punched in this way, is hero shown (Fig. 56), tho eqnivalont 
dots and dashes being placed under the various characters. 

(oo ooo oooooo 

foood'ooooooooooooooooooooooooooooooo, 

(, OO ooo OOOOO O_ Oj 

Fig. 5li 

Ih liie same room is one desk at which a number of .the 
Hughes’ printing telegraph just described may be soea at work, 
and these oouatitate one of the most interesting features of tho 

In addition to these instrumonta, there are a fow of the 
Amerioan “sounders,” which have been introduced very re¬ 
cently, and one or two speoimons of Bright’s bell instr.ament. 
Speaking roughfy, however, we may safely say that the two 
iutruments employed are the single-needle and the Morse. 

Between large and important towns through wires are usually 
proyided, so that messages are sent itirect from one to the other: 
but in a large number of oases the message has to bo received at 
OB^inatrumeut and re-transmitted along another line. Tho wires 
might be put in direct oommunioation by means of switches, 


but in prootice it is found far more rapid to xeeeive and re- 
transmit the message. Sometimes a message has thus to be 
telegraphed several times before reaehing its destination. 

To save the groat trouble and loss of time whioh would be 
caused by oanying these messages from one port to another of 
the building, a series of endless tapes has just been fitted in tho 
office. ’These pass round rollers kept in constant motimi, and 
the message, being placed between them, is at once conveyed 
from the Motropohtan to tho Provincial Galiery, or vice versa. 

Between some City stations, and between tliis office and the 
General Post Office, there are so many messages constantly 
passing that several wires would be required. Fueumatio tubes 
have therefore boon laid down, and the message, written in the 
ordinary form, is roUed up, inserted in a carrier made to fit 
those, and propelled along thorn to the required station, whero 
it falls out of the tube on to a tray placed to receive it. A 
vacuum is produced in these tubes by steam-power, and the 
carrier is sacked one way and propelled the other. 

A larger tube has now been laid down between Moorgate 
Street and the office in tho West Strand, calling at Temple Bar 
on the way, and many messages are constantly being transmitted 
■along this. The plan seems, indeed, to answer so well that it 
will probably bo extended to other important stations. 

Wo bavo thna completed our survey of tho English telegraph 
system, and have seen some of tho results that have accrued 
from the simple discovery mode by Galvani. 

Had any one ventured half a century ago to predict that our 
messages would bo flashed at lightning speed to distant conti- 
uents, and answers received in the space of a few minutes, he 
would have been deemed mod -, but evon this has now been far 
exceeded. In ecarcoly any other branch of science has such 
rapid progress been made, and we ore still hearing of fresh dis¬ 
coveries ; though there has been but little change in tho iustru- 
ttients omployod during the last fow years. 


COLOUR.—XII. 

By Professor CauBcic, Boyal Agricultural College, Cirenceeter. 

COLOURED «LASS—COLOURS OP l-OTTEBT AND PORCELAIN— 
MINERAL PIGMENTS—COLOURS OP PLANTS, FLOWERS, 
WOODS, AND VEGETABLE FIBRES- -COLOURS OF ANIMALS 
AND ANIMAL PRODUCTS. 

We have now to consider the iieculiaritios of coloured gloss. 
Qluss, being a vitreous and not a er.ystalliBed substance, does 
not iiresent that extensive variety of optical properties which 
characterises many natural gems. It is probably on this 
account that the most perfect and uniform coloured glass is 
not by any moans satisfactory or interesting from an artistic 
point of view. Very iustrnctivo examples of tho bad effect of 
such glass 0 X 0 to be seen in many painted glass windows, 
especially in those which belong to the earlier period of tho 
recent revival of Gothic art in this country. Tho blue and 
other glass is deep enough in colour, but looks real tiobness; it 
is thin and flat, though staring. There is no ftactuation of 
colour, no breaking up and scattering of tho transmitted beams 
of light. The glass to acoomplisli this must bo loss poifeot as a 
mechanical product of manufacture. If the colour be uniformly 
diffused throughout the glass, the glass must vary in thickuoss, 
its surfaces must bo uneven; and strim and blobs only improve 
the effect. A glass which is absolutely perfect as glass may be 
rightly devoted to tho oonstmetion of optical instruments, but 
is incapable of completely realising the poetry of colour. 

Tho colours of glass nuiy arise from several causes. A fine 
white powder—say oxide of tin—diffused through clear glass 
gives it tho op:Jo.soonoa of a cloudy medium; a bluish colour 
boing produced by reflected light, and a yellow or red colour by 
transmitted light. Opal glass may vary from a faint oloi^iness 
to milky and nearly opaque white. Another glass, owing ite 
poouliarity to solid matter, is known as avonturino glass; it 
contains glistening crystals of copper. But tho ooloma of most 
transparent glos-sos are due to the presence of metallic sUicatea, 
sneh as those of iron, copper, cobalt, and manganose. These 
met^B give to glass various tints of green, orat^e, blue, and 
violet. One metal, uraninm, imparts not only a distinct yellow 
oolow, but the interesting property called fluorescence. The 
common “ canary ’’ glass is a glass of this kind. Viewed by 
transmitted light it is yellpw; but wlieu the eokr beams fall 
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upon thb kind of glaBS, the aotinio » 7 « are modified, ajid ore 
reflected back to the eye aa green light. 

The method of ueing coloured glau in vrindowa should be 
limited Tety strictly by the nature of tiie material, os veil as by 
the office of a window. The glass must not pretend to be a 
picture, nor must it contain large shaded or obscured portions, 
opaque or nearly so to light. Minute lines and details of drawing 
are out of place and useless. A mosaic work of small pieces of 
glass, separated by bold and firm lead lines, is most effective. 
If the window is required to let in unmodified daylight, the glass 
may be decorated with firmly-drawn outlines in dark maroon^ or 
brown upon a white or grey ground, the pattern extending 
through a largo number of quarries. Hero and there a medallion 
of rioher colour may be symmetrically introduced. Where 
highly-coloured windows are considered desirable, some of the 
richest and happiest effects arc to bo obtained by the use of 
blue glass in preponderating quantity, as in the ancient glass 
of Canterbury Cathedral, or of ruby-red with blue, as in the 
windows of Is, Sainte Chapelle, at Paris. Some portions of 
the latter glass may be studied at South Kensington. Where 
the pieces of glass ore small, the effect of the contiguous beams 
of red and blue light is to produce a result similar to that of 
violet glass, but infinitely rioher, more brilliant, and more 
"bloomy; ” while the lead lines prevent a coiffnaed mingling of 
the colours when seen more closely. Mosaic work in coloured 
gloss is moat appropriate and effective. Painting in chAaro-otcwro, 
especially in monochrome, is radically bad in theory, and un¬ 
pleasant, to say the least, in result. 

The x>eonliarity of the colours of porcelain and pottery consists 
mainly in the mode in which they are applied to the wares. In 
the case of delft, faience, and majolica wore, the colours ore 
painted, as enamel colours, upon an opaquo white or nearly 
white stanniferous enamel. Transparent or translucent colours 
on this opaque ground come out with great force; while opaque 
colours appear loss characteristic than they do upon porcelain, 
nud upon translucent bodies generally. Upon earthenware and 
porcelain, designs may bo oiUior printed or painted, either under 
or over the glaze. Colours printed or paint^ over the glaze are 
generally better defined and more brilliant than those whioh ore 
below it. In the decoration of pottery and porcelain, besides 
the use of enamel colours, other decorative effects may bo pro¬ 
duced by means of preporationB of gold and platinum, and by 
means of oolonrs mixed with the body of the wore or the glaze. 
Some of the moat remarkable effects of the latter sort are to be 
seen upon the old Italian lustre-ware plates, and upon the 
modem porcelain of M. Brianohon, imitated at Woroester and 
BeUeek, in which cases the iridescent glaze contains a consider¬ 
able amount of bismuth in its composition. 

A very important series of coloured materials is produced 
dirootly or indirectly from minerals. Moat of the native 
mineral pigments are of a useful and permanent oharacter. 
Tho compounds of iron, chiefly oxides and hydrates, have 
always bran largely employed in tho arts, and afford a wide 
range of nsoful colours—yellows, reds, browns, maroons, etc. 
Tho ooloniB derived from copper, such as verdigris and mala¬ 
chite, are more liable to change by conversion into the block 
oxide tmd dark brown sulphide of this metal. Figments made 
out of coloured glass or frit—such pigments, for instance, as 
smalt and ultramarine—are commonly difficult to manipulate 
nud mix, but yet are endowed with considerable fixity. Pre¬ 
parations of lead, such os the carbonate and the chromate, 
white lead, and chrome yellow respectively, are subject to one 
great drawback. This is their sensitiveness to sulphuretted 
hydrogen, whioh darkens and destroys oU the more doiioately- 
ooloured preparations containing this metal with considerable 
rapidity. The protection of these materialB from change is 
partially effected by covering the partioleB of which they con¬ 
sist by a film of oil-vomish, was, paraffin, or gum, os in the 
ordini^ methods of painting in oil, encaustic, or water. In 
fresco and distemper painting, where lime or size serve to bind 
or cover tho pigmentary granules, the action of iigurions sub¬ 
stances upon sensitive materials is more rapid. In stereo- 
chromy, and other methods of silioions painting, the colours ore 
less li^le to change. But then the range of colours is rather 
limited, owing to another consideration—water, glass, and tho 
alkaline silicates in general, whioh constitute the medium 
with whioh the pigments ore mixed in stereochrmny, or with 
which they are fixed, alter and dqptroy many mineral colours. 


such as emerald green, Prussian blue, and dhiome yellow. If 
we exclude such alterable pigments, including most prepara¬ 
tions of lead and copper, and then further eliminate, for the 
same reason, some of the most beautiful vegetable and animal 
colouring matters, the residue of available pigments is indeed 
small. The point, however, to which we now wish to draw atten¬ 
tion is not the modification of colour by injurious atmospheric 
or other influences, but tho oolonr-peouliarities caused by the 
nature of the medium with which the pigments ore incorporated, 
or by the optical qualities of the pigment itself. The most 
important general characters of pigments reside in their trans- 
luoency, or opacity, as regards light. A transparent pigment 
need be much less saturated or intense to produce a given 
colour-eCeot than an opaque one. The reason of this will bo 
clear when the statements made in former lessons ere recalled. 
The light reflected from tho ground on whioh a transparent 
colour is laid has to pass twice through that colour; while 
an opaque eolour often rofieots, or at least scatters, much un¬ 
altered white light. The use of clear colours upon opaquo 
grounds or painted surfaces is often called glazing by artists, 
and gives a depth, intensity, and richness whioh cannot be 
exactly attained in other ways. Scumbling is tho precise 
opposite of this, for in it an opaque colour or white, mixed 
with some oil or other medium, is used to cover partially, and 
so to modify, the clear or mixed colours whioh have been 
previously laid on. It conveys an idea of distance, or mystery, 
or cloudiness. 

The binding material which unites tho partioles of a pig¬ 
ment together, or which retains them on the pointed surface, 
may be either opaque or transparent. In all ordinary water¬ 
colour and oil-colour painting, the binding material is practi¬ 
cally transparent; but in fresco painting it would seem that 
tho freshly-covered surface acquires a film of carbonate of 
lime (calcium carbonate), which gives deadness and opacity to 
tho surface of pictures executed by this method. Something of 
tho same kind of effect is produced in tho several methods of 
silioious painting, of which the only one whioh is of any 
importanoo, and has been practically employed, is the steroo- 
chromy of Fuchs In this process the pi^ents arc bound to 
the wall, and acquire coherence by the ohangos whioh the 
soluble potassium and sodium sUicates used in the process 
undergo. They appear to enter into direct combination with 
the zinc oxide or calcium carbonate laid on as a ground or 
mixed with tho pigment. The sOioate must not be saturated 
with silica, but should be, contrary to the usual opinion, 
strongly alkaline; otherwise on irremovable silioious bloom 
will shortly disfigure tho mural painting executed by this 
process. The wall, slate, plaster, or stone to be decorated 
should be wetted with buryto-wator, painted with the pre¬ 
viously-tested colours, and then, when dry, syringod with a fine 
spray of the fixing siheious solution. This syringing is re- 
peated at short intervalB, until no trace of colour can be 
removed with a dry or wet hard brush applied to the painting. 
If a saline bloom appear after a time, it should bo removed by 
means of sponging with distilled water. If a hard whity 
silioious bloom mar the brilliancy of the colours, no chemical or 
mechanical method is competent to remove it. But in this 
case the appearance of the injured fresco or stereoohromo 
picture may bo greatly improved by a process which the writer 
of these lessons invented in 1856. It consists in the use of 
paraffin, driven into the picture by heat, or applied in like form 
of solution, by a brush or in spray. The sedvent used mgy 
be either benzole or mineral turpentine. Some fine oo]^ 
or dammar varnish is a desirable addition to tiie jolu&on. 
In this way old distemper paintings may be preserved fronT 
de'struotiott. The effects of damp and decay are urested, and 
the colours may actually acquire more than their pristine 
beauty. In fswst, this process converts the opaque binding 
materials of the painting into transparent or trmislucent ones. 
It is scarcely necessary to say that all colours, oils, and var¬ 
nishes should be tested before they are usod, if their colours 
and appearances are to remain unchanged. No soluble saline 
matters should remain in pigments; they ought to be tried 
slono and mixed with others, to see if they alter or fade 
whm exposed to sunlig^ The oils and varnishes must be 
examined to see whether tiiey dorkmt, or if they irregularly 
contract on drying, and so fortii. But wo must not. dweU 
further on the chemistry ot pigments, of grounds, and of the 
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media and methods of painting', for this aubjeot requires a j often render old specimens of woodwork for more beautifal 
Tolnme for its adequate treatment. Tet we must add a word than new¬ 
er two on a subject of the ‘utmost importance to artiste, and to The oolonrs of animal products are usualljr less changeable 
those who are engaged in oopjring pictures. As the colours : than those of vegetable products. In some oases, notably in 
which we see are modified subjeoldvely, it is necessary that! the case of 'Uie humming-birds, the brilliant, almost metailia, 
they should not be reproduced as we see them, but as they | colours of the animals are duo rather to the optical structure of 
actually exist. The high lights of a blue robe may appear ' the ooloured substEmoe and surface than to any actual colouring 
yellow or orange to us, and yet could bo copied only by the ' matter. Instances, however, do occur, as in the plaintain-eaters, 
use of a lighter tone of blue. So the high lights of a face i or tonrocons of Africa, where a colouring matter may be actually 
may give by way of oon'trast a greenish hue to its shaded ' extracted from the brilliant plumage of birds. The colouring 
parts, although this^ effect would not be reproduced, but grossly | matter of these birds 'was disoovored by the present 'writer, and 
exaggerated, by mixing some green with the grey of those ' found to resemble the red colouring matter of arterial blood 
parts. I (eruorin) in some respects. It is especially remarkable as con- 

The most oonspicnous colours belonging to flowers are usually . taining a fixed per-centage of the metal copper. 'White feathers, 
very fleeting, and cannot bo utilised for decorative purpoees. j like other animal products, may bo dyed without any mordant, 
Generally, too, they ore particularly liable to alteration by acids I silk and wool being particularly characteristic examples of 
or alkalies—becoming red under the influence of tho former ' this fact; ivory, bone, and horn may bo noticed in the same 
agente, and blue or green by tho action of the latter. Tills pro- | oonnoction. 

perty has been turned to aooonnt in chemical‘testing; one of the If our treatment of the subject of colour has sometimes 
heat test-papers being prepared from that beautifal orimson- | seemed to our readers to have been destitute of practical value, 
foliaged plant, the Coleus Vershaffeltii. The stems of tho plant I wo yet trust that tho prinoiplea laid down will serve to furnish 
are bruised and extracted with spirit; then white blotting-paper ! a guide, at once offectivo and safe, in tho arrangement and study 
is soaked in the solution. Tho lavender-grey of this paper becomes of coloured compositions, both pictorial and decorative. Further 
red with ssside, and green with soda and other alkalies. In tho ' information may be gained, both as to ‘textile fabrics and paint- 
copper-beoch and tho dark portions of some zonal geraniums, we ' ings, from “The Laws of the Contrast of Colour,” by M.Cbevranl; 
have tho ordinary green oolouting matter of leaves, called while Dr. E. Briicko’s treatise on “ Colours,” which maybe road 
chlorophyll, mixed with a crimson colouring matter, the combi- ' in the French translation of Dr. Schutzenberger, enters more 
nation producing a kind of deep maroon. The extreme beauty ' fully into tho physical and physiological matters connected with 
of the oolouTB of many flowers depends in part upon their pocu- | this subject. Besides tho papers of the late Dr. George Wilson, of 
liaritiea of structure. Tho cell-walls within which the vege'tablo ' Helmholtz, and of Professor Clerk Maxwell, wo have two excellent 


pigments occur aro often extremely thin, and present a soft yet 
glistening aspect, 'which enhances and varies the colour-effects 
of their contents. This aspect, though often called oryatallino, 
in no degree arises from any structure to which this term can 
bo appli^. Some very beautiful and yet permanent colouring 
matters aro, however, obtained from plants, though those do not 
always contain them ready-formod. As instances in point, we 
may cite indigo and some of the madder oolonrs. 

vegetable fibrous materials used in the manufacture of 
.toxtile fabrics are generally white or palo yellow, but may bo 
dyed of any colour by suitable prooesses. In aomo oases the 
dyeing material may bo made to enter a central cavity in the fibre ; 
but usually colouring eubstanoes can bo mado to adhere per¬ 
manently to vege'table fibres only by means of a mordant. First 
of all, a snbatanoo snob as tin peroxide, having an attraction for 
colouring matter, ia precipitated npon the fibre, and then it is 
immersed in a dye-bath. Tho oolonring matter is withdrawn 
from the liquid, and adheres firmly to the mordanted fibre. The 
lustre of vegetable fibres ia usnally not very marked, and is 
diminished in the prooess of dyeing them. Linen, the woven 
fibres of flax, does, however, reflect the light which falle upon it 
‘with oonsiderablo power, particularly in certain positions. A 
pattern may thus bo made in which tho strands which form tho 
warp may be contrasted, not only as regards colour, but os regards 
Instra, ‘With those of the woof. Under those conditions damasked 
lifien, jnst like silk damask, may exhibit a enrious optical iUusion. 
If a ‘White warp and a rod woof bo associated, it will be notiood 
that in certain lights tho white parts of tho fabric assume a 
bluish-green tint, aoqniring, very dis'tinctly, tho tint comple¬ 
mentary to the dyed threads, the effect being enhanced by the 
diflerencq of lustre dependent upon tho way in which the light 
falls npon tho fabric. Similar bnt still more decided ofleota 
arfi seen in fabrios in which lustrous silk and dull cotton or 
' wool*are assooiated. Nor should we bore neglect to allude to 
the peonliar mingled tones produced by ‘the repeated recur- 
renoe at abort intervale of similarly coloured strands in a fabric. 

Tho oolo'uni of woods are usually subdued, bnt varied. Much 
of the beauty of some woods depends, however, rather npon 
texture and lustre than upon colour. In furniture, ai d tho 
general decorative treatment of wooden construction, much may 
be made out of the combined use of these two qualities of instro 
and oolonr. One wood dark, and of lustrous texture, luy bo 
introdnoed in the form of bosses, panels, or mouldings into a 
framework of an opaque and light wood. So woods of distinct 
patteme may be assooiated with those whiob possess an uni¬ 
form appearanoe. The oolours of wohds are, indeed, brought 
OQti Iqr vasnisbing and oiling; bat the former of these pro- 
oeises hM a tendency to check those alteratioiu of tint which 


works from tho pen of Mr. W. Benson. Those latter are entitled 
respectively, tho " Principles of tho Soionco of Colour,” and a 
{ “ Manual of Colour,” and desorvo careful study. Nearly all 
I these works contain something about tho singular condition, to 
' which wo have been able to allude but cursorily, known as 
I Daltonism, or oolonr-blindnoss. A nomenclature of colours, 

I unfortunately imperfect, will bo found in Brooke and Miller's 
“ Manual of Mineralogy; ” but it is greatly to bo desired that 
the names used to indiaate the most important voriotics of 
I colour should bo applied in a more definite manner. 


SANITARY ENGINEERING.—V. 

SUNBUENEBS. 

In somo previous papers, having for their sahjoct “ Gas ” in its 
various pliascs of use—as a manufacture, as an oconnmiral 
means of lighting, etc.—wo have given toohuical details bearing 
npon difforont aspects of tho subject. Tho question before us— 
tho use of Bunburnors—has special roferonoo to tho lighting of 
largo public buildings, theatres, churches, manufactories, or 
any largo room, where tho cost of tho light is not so muck an 
object os that there should be a good diffused general light, and 
plenty of it, and tliat this result should bo obtained without 
interfering with tho ventilation, or, in other words, that tho 
products of combustion, tlie carbonic acid gas ami other fumes 
which iiroduce tho cdosoncss in all largo gas-lightod spaces of 
which we now so constantly complain, should bo eificiently 
removed; and this result is surely and efficiently attained by 
tho adoption of tho “ sunbunier.” 

In some of our previous papers economy in consumption has 
lieen tho point in view. In this case that has to a certain extent 
to bo disregarded, a thoroughly good light, combined with 
oflioiont ventilation, being tho object sought after in all iiuWic 
undertakings, the more cost of gas burnt being a somewhat 
secondary consideration under tho circumstances. 

Tho burner consists of a number or group of union jot bumcr.s, 
commonly called fish-tails, arranged in tho form of a circle or a 
star, larger or smaller according to circumstances, but so placed 
os to throw out thoir flame horizontally and not vertically, the 
draught of air being regulated accordingly. These were origi¬ 
nally, on the first introduction of this method of lighting, placed 
under a funnel mado of sheet iron ■with a short piiio rising from it, 
which was encased by a larger funnel, from which a pipe, acting 
as the fluo of tho sunbumcr, was taken by tho most oonveoieut 
route to a communication with tho external air. 

■When first used these funnels, being made throughout of iron,, 
threw up on to the oeilbig a T^erf dense shadow, which, when it 
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vrfti t>60eiisu7 to fix tlie muibamer, aa ia aometiinoB the oaae, at 
aoxne dfartance below, intorferod very sinob with the architeotaral 
deooiatiTe effect of the room. Thia difficulty haa been overcome 
by perforating these oaeings throughout their surface witli a 
aeriea of openings, and filling the openings thus made with 
aheeta of mica, thna allowing the light to be distributed while 
confining the air. The great heat always generated by the 
light produces a strong up draught, not only removing the pro¬ 
ducts of combustion, but creating in the space between the 
inner and outer shaft a current whioh keeps up a constant drain 
Upon the lioated air in the upper portion of the room. 

In the earlier stages of the invention it was found, however, 
that when the gas was not lighted a strong down draught of 
cold air constantly passed down the pipe. A valve was then 
provided in the inner tube to control the draught, which, in the 
first instance, was moved by hand—opened at night when the 
gas waa lighted, and ahnt when it was turned off. There was, 
however, this risk, whioh was a serious one: if by any accident 
the valve waa loft shut after the gas was turned on, the portion 
of air below it gradually becaiuo mixed with gas, until the 
mixture acquired that character well known ns a highly explosive 
compound, and from which ell tho gas explosions of which we 
are oonstontly hearing arise. 

Finally, a self-acting valve was invented, noting by tho pressure 
of the gas in the supply-tubes on inverted vessols floating in 
mercury. When tho gas is turned on this opens the valve, and 
when turned off it shuts it. All risk of explosion is thus 
avoided, and down draught effectually cut off. For obtaining a 
large body of fixed light in any given sitmtion the sunbumor, 
with these improvements, is undoubtedly one of the best, if 
not the best, moans at our command. 

In introducing tho snnbumer, however, tho risk of fire has 
always to be provided against, as tho heat generated is so great. 
In London the Building Act requires a space of nine inches 
between the flue and any combustiblo material; hut this is more 
than ia abaoluteJy requisite, as half that space is sufficient for 
safety; and in the North it is not uncommon to have three or 
more wrought-iron tubes onclosing each other, each with air- 
apaoe between, this forming a perfectly efficient protection. 

Tho fittings of tho burners should bo mlapted to tiio archi- 
toctural clioractor of Uie interior where they are used, and this 
is a point tlmt has been carefully studied by different manu¬ 
facturers, so that oither a classical, or Oothic, or other character 
has been given to tho decorations required either around the rim 
of tho funnel surmounting the burners, or over the general sur¬ 
face of the tubes where visible. There are also many artistic 
designs for tho adaptation of glass lustres to sunbumers, which 
may thus he rendered equal in effect to the most elegant chan, 
deliers or pendants, suitable either fen: tho drawing-room, tho 
ball-room, or the theatre. For ordinary household purposes— 
for small rooms anything loss than twelve feet high—wo do 
not recommend tho introduction of this method of lighting, as 
tho groat heat gouoratod in tho flues, which have to be conducted 
through the narrow space between floor and ceiling, has a marked 
effect both upon the timbers of tho floor and the atmosphere of 
tho room above, and the light required can be more economi¬ 
cally and efficiently attained by a different arrangement of tho 
humors; but for largo public buildings where an audience has 
to ho accommodated, or in largo reception-rooms wliich have the 
necessary elevation, good light combined with efficient ventila¬ 
tion can ho more readily obtained by this adaptation of gas¬ 
lighting than by any other. 

For billiard-rooms, whoro sectional height permits its intro- 
duotion, it has been found successful, and wo may mention one 
or two public buildings where it has been adopted satisfaoterily 
in the course of tho last few months. The Qaiety Theatre is 
one of them, the well-known public room at Evans's another; 
hare are a serios of simbunicrs arohitecturally arranged so as 
to form centres in the various panols of the ceiling, whioh is 
highly ctecorated with gilding, colour, and figure-painting. 
Again, in tho “ shop,” as it is professionally termed, of the 
Bank of Finland, at tho comer of Tfareadneedle Street, a series 
of pendentives are arranged; the ceiling ia grained, circular, 
and of high orohiteotural pretensions; and the termination of 
each pendentive forms a very fitting position for tho introduction 
of the sunbomor, which is fixed at that point. , 

When provision is made in the ereotion of a new building for 
the introduction of this tae^od of lighting, the cost will sosroely 


exceed that required for any oUier method, as the requisite 
fittings need not be more oxpeneive Idum those orffinarily is use 
for other arrangements for lighting; and by a well-oo^dersd 
arrangement of fines the up draught of the snnbumer may he 
made, in its general action, to assist the ordinary veatilaAing 
flues. 

Whan a building already erected has to he thus lighted, of 
oonrse care is required in the detail of construction to avoid 
risk of firo; but that once duly provided for we may safely say 
that for large rooms for public purposes the sonbumar is the 
most efficient appliance of the day. 


NOTABLE INVENTIONS AND INVENTOIia 

SVII.—THE DIVING-BELL. 

BV JOHN TIMBS. 

The ccmtrivance of apparatus for enabling men to dive, or 
descend beneath tho surface of water, to a greater depth, for a 
longer space of time, and with less exertion and danger^ than 
is possible by tho unassisted power of the body, long exercised 
the ingenuity of mankind in past ages. About half a minute is 
tlio longest-period daring which most individuals can safely 
remain under water—in fact, can live under lealcr—without somo 
provision for the supply of air for rospiration, Exporionoed 
divers have never, with few exceptions, remained under water 
more than two minutes; and although exaggerated statomonts 
arc given of divers remaining for honrs under water, six minutes 
is about tho longest lime of submersion of which any trust¬ 
worthy account has appeared in modern times. 

The sponge-divers in the Archipelago take down in their 
mouths a piece of sponge soaked in oil, as a means for assisting 
the diver to see wben under water. In still water, light is 
frequently transmitted to a great depth; but when tho surfaoe 
is disturbed by waves, it is much obstruclod. To ensure a good 
light, which may enable tho diver to find objects of his search 
without delay, it is stated that ho ejeots a little oil from tho 
sponge, and this oil rising to tho surface, and spreading upon 
it, c«jms the waves in a most rcmaikable manner, and occasions 
a brilliajit light at the bottom. 

Among tho earliest plans is that mentioned by Aristotle, who 
is supposed to intimate that in his time divers used a kind of 
kettle to enable thorn to continue longer under water; but 
Beckmann places little reliance upon this statement. He adds, 
that the oldest information wo have of tho use of tho diving- 
bell in Europe is tliat of John Taisner, quoted by Schott, in bis 
“ Tochiiica Cnriosn,” Nuremberg, ICGt, in whioh Taisaor relates: 
“ Wore the ignorant vulgar told that one could descend to the 
bottom of tho Rhine, in the midst of the water, without wetting 
ono’s clothes, or any part of one’s body, and even cany a lighted 
candle to tho bottom of the water, they would consider it alto¬ 
gether as ridiculous as impossible. This, however, I saw 
done at Toledo, in Spain, in Ihe year 1S38, before the Euxieror 
Charles V., and almost ten thousand spcctatofs. The experiment 
was made by two Greeks, who, taking a very large kettle sus¬ 
pended by ropes with the .mouth downwards, fixed booms and 
planks in tho middle of its concavity, upon whioh they placed 
themselves, togother with a candle. The kettle was equipoised 
by lead fixed round its mouth, so that, when let down towards 
the water, no xiart of its circumference should toooh the water 
sooner than another, else the water might easily have overcome 
the air included in it, and have converted into rnoia^ vaiionr; 
but if tho vessel wore gently drawn up, the men continue dry, 
and t>ie candle ia found burning.” Schott calls the machine 
described an “aquatic kettle;” but he also describes on apii^- 
ratuB called “aquatic armour,” which woniu enable those who 
were covered wili it to walk under water. This apparatns is 
engraved in Schott’s work, and shows a man walking into the 
water, with a covering, like a small diving-belL over his head, 
descending nearly to his feet. 

In England a diving-machine was ioreshadowed by^Roger 
Baoon; and his great namesake, Francis Bacon, describea it as 
a reservoir of air, to whioh labourers upon wrecks might resort 
whenever they required to take breath. He thus desoribes it: 
—“ A hollow vessel was made of metal, which was let down 
equally to the surface the water, and thus oaniad with it to 
bottom of the sea tite whole air it contained. It stood upon 
three feet, like a tripod, whioh were in le^th eemetUng Mee 
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than the height of a man; so that the direr, when ho was no 
longer able to contain his breath, oonld put his head into the 
ressel, and, haring breathed, rrtnm again to his work.”— 
Ifovmn Organmn, lib. ii. 

The bell was next used in America, in 1642, by one Edward 
Bedall, of Boston, to weigh the ship Maiy Eoee, which had 
sunk in the preceding year. Bedall employ^ two tuba, “ npun 
which were hanged eo many weights (600 pounds) as would sink 
them to the ground.” ^e trial sncceodod, and the guns, 
ballast, goods, hull, etc., wore all transported into shoal wator, 
and reoorored. Next, the postscript to a rolumo by Professor 
Sinclair, Edinburgh, 1688, describes “ how to buoy up a ship 
of any burden from the ground of the sea,” and states that the 
late Marquis of Argyle, “ having obtained a patent from tile 
King, of ono of tho Spanish Armada, which was stmk in the Isle 
of Mull, A.u. 1588, employed James Colquhoun, cf G-losgow, a 
man of singular knowledge and skill in all mechanical arts 
and soienoes.” “This man,” ho proceeds, “not knowing tho 
diving-boUs, wont down sovoral times, tho air from above being 
communicated to his lungs by a long pipe of leather. Ho only 
viewed and surveyed the ship, but I suppose buoyed nothing up. 
Subsequently, the (then) late Lord Argyle employed tho ingenious 
laird Melgin, who went down with a diving-bell, and got up 
throo gnus. A third and more successful trial was made; and a 
fourth by Captain Smith, who was so confident of recovering 
tho gold supposed to bo Inst with the shii), that lie v^ould not 
admit a co-partner in tho ent- rprir'c, which, however, came to 
nothing.” 

Among the oldest of rcjiresientations cf diving apparatus, 
Beckmann mentions a print in “ Vegetius cm War.” 1511 and 
1582, representing a diver with a cap, from which rises a long 
leathern pipe, terminating in an opening, which floats upon tho 
water; also, n figure from “ Lorini on rortification," 1607, 
nearly resembling the modem diving-bell, and consisting of a 
square box bound with iron, furnished with windows, and used 
for the diver. In 1617, Kepton’s “water armour” proved 
useless. In 1671, Witeen excelled in tho constnjction <f the 
diving-bell, which ho erroneously states was invented at -4m- 
sterdaiB. In 1679, Borolli, the Neapolitan physician, is stated 
to have invented an apparatus by wliiidi persc.ns might go a 
considerable depth under water, remain there, move from 
place to place, and sink or rise at pleasure; also a boat, in 
which two or more persons might row themselves under water; 
hut the T>ractical worth ol these m-ichines is much doubted. 

The next claimant njion our list is Wiilium Phips, bom at 
Pemaquid, in 1650. . When of ago, he built a ship at Skeex's- 
cote; ho afterwards followed the sea. and subsequently bocatno 
Boverncrof Now England. He attempted to raise treasure from 
the wreck ef a Spanish shiji, sunk on tho coast of Hispaniola— 
with what apparatus wo are nninformc-xi. His earliest experi¬ 
ment failed; but bo prosoeutod his schemo, and at length 
obtained the i>atronage of the Duke of Albeinaric, son of the 
celebrated Monk; and in 1687, after many difficulties, he suc¬ 
ceeded in raising a largo ejuantity c.f tmasuro, with which ho 
returned to England, wliero ho was knighted for his cntoriirise. 
Most accounts state that the propcity he recovered amounted 
to j 6200,000 ; but in tho “ Life of Sir William Phipa,” pub¬ 
lished anonymously in 1697, and attributed to Increase Mather, 
it is stated at jE 300,000. There is a popular American opinion, 
that tile Mulgrav^ family, of which tho present head is the 
Marquess of Normandy, was descended from the above Sir 
Williiun Thipe, which is a mistake; tho founder of thoMulgravo 
family being Constantine John Phipps, Commander of tho un- 
• Buoomsfnl Arctic expedition in 1773, who was raised to the 
British Peerage ae Baron Mulgravo, of Mulgravo, Countj York, 
m 1790. 

Tha next improver of the diving-bell was Dr. Edmund HaJloy, 
who in the “ Philoaophioal Transactions” described tho disfects 
of the boll, and suggested a remedy for them. This paper alone 
would be sufficient, although it does not enter into the early 
history of the moohino, to contradict the erroneous statement 
whiolmiag been made, that Halley was tho inventor of the 
diving-bell. 

The diving-bell, in its simplest form, is a strong heavy vessel 
of Wood at metal, made perfeotly air and water tight at tho 
top and aides, but open at the bottem. If such a vessel be 
srodnalfy lowered into the water, in a perfectly horizontal poai- 
tion, tile air which it oontaina cannot escape, and therefore 


the vmsel cannot heeome foil of water. ^Eus may be readily 
illustrated by plunging a glass tumbler in an inverted xmaition 
into a vessel of water, and placing a piece of cork, or any other 
substanoo that will float on the surface of the water, nuder the 
tumbler. If a bit of burning matter bo laid npon tho cork-float, 
it will continue burning, although the gkaa and all that it con¬ 
tains bo plunged far beneath the water; thereby proving that 
the upper port of the cavity of the glaes is occupied by air, and 
not by water. Still, tho water fills a small part of tho oavity 
of the glass, and rises more into it when it ia plunged to a 
considemblo depth than when the rim ia only just immersed 
beneath the snrfacc. This is caused by the condensation of the 
air contained in the glass, which, being vciy clastic, is condensed 
into a smaller space by tho pressaro of the superincumbent 
water, when the glass is plunged to a considerable depth, than 
it will occupy under tho ordinary pressure of tho atmosphere. 
When tho diving-bell is used for descending to a very small 
doptb, as tbo pressure of the water is small, it will not rise in 
the bell sufficiently high to bo inconvenient; but at the depth 
of thirty-throe feet, tho pressure is so great as to compress tho 
air into ono-half of its uiiginal volume, so that tho boll will 
become half full of water. At a greater depth it will rise pro¬ 
portionally higher in the bcU, but it docs not materially inter- 
fero with respiration, provided tlie descent of the bell be very 
giudiial, as tho air then balan'ies the xiressnrc from without. 
The prinoixial effect of tho increased pressviro is felt in tho ear, 
for >\hcn the condonsod air has found it's way into the cavities 
of the ear, the sensation then exfierienced is cc'mpared to that 
of having quills forced into tho cars, or as if the ears woro 
bursting. This continues until the iiressuve cf the air on each 
side of tho tympanum is balanced. But while tho mere con- 
densation of tho air in the bell does not render it unfit for 
respiration, it would soon become so if no means were provided 
for renewing it from time to time, as it becomes vitiated by 
repeated respiration. iV. Hailey provided a remedy for this 
inooiivouiouco, and for that of tho contracted space loft free 
from water, when, by lioing at a groat depth, the air is com¬ 
pressed into a small volume, by a inciins r-f supplying the bell 
with any I’eqnired (;nimt)ty of irosli air without ruihing it to the 
surface. 

Tho boll used by Dr. Halley was c.f wood, in the form of a 
truucatod cone, tiio top diamelor three foot, and the bottom 
five, and containing about sixty cubic feet. This ho coated 
with lead, ami so weighted it about tho lower part that it would 
sink while empty, and would always remain in its proper posi¬ 
tion ; that i.s, with tho larger ojien end downwards, and its rim 
parallel with the horizon. In tho toji cf tho hell was a very 
strong glass window, and a cook.to lot out the foul air. About 
a ya.r<l below the inonth was su-ipondcd a stage, so weighted 
that it might hang sLoadily. Tho whole apparatus wa.s sus¬ 
pended from a sprit attached to tho mast of a ship, and pro¬ 
vided with tackle, by which tho bell might he raised or lowered; 
and tho sprit might bo along round, so as either to carry tho 
lioll over the hull of tho vessel, or to suspend it clear of her 
side. Air was supplied to the bell when under water, by two 
thirty-six gallon barrels, weighted with lend, to make them sink 
readily; each having an open bung-hole in the lower end, to let 
in the water, os tho air in them condensed on their descent. 
There was also a hole in the upper end of each barrel, to which 
was fitted an air-tight leathern hose, long enough to fall below 
the bottom of the band, and so weighted that it would fall 
naturally in that iiosition. Those air-barrels were attached to 
tackle, by which, with tho labour :.f two men, they might be 
made to rise ami fall alternately, like tho bnokots in a well; 
and by linos attached to the lower edge of the bell, they were 
BO guided in their descent that the mouth of the hose always 
came directly to tho hand of a man who stood upon a stage 
snsfiendod from it. As tho apoTtures of the hose were, during 
their descent, always below the level of the barrels, no air 
could esoapo from them ; but when they were turned up by tho 
attendant, so as to be above tho level of tho water in the 
barrels, the air mshed out with great force into the bell, the 
barrels becoming at the same time full of water. By sending 
down these barrels in rapid succession, tho air m tho barrol 
was kept in so pure a state that five persons remained in tho 
bell, ^.t a depth of nine or ton fathoms, for more than an 
hour and a hklf at a time, without injurious consequences; and 
Halley states that ho could have remained there as long a« he 
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I>l«a«ed, for anythin^' that appeared to' the oontraiy. Besides, 
th'B frfaole cavity of the bell was kept ontirety free from water, 
eo tliat Halley sat on a beneh, diametrioally placed near the 
bottom, wholly dressed, with all his clothes on. He only 
observed that it was neoessary to be let down f^radually at 
first, about twelve feet at a time; and then to stop and drive 
oat the water that entered, by receiving three or four barrels 
of fresh air, before ho descended farther. Wlien arrived at the 
reqaired depth, he lot oat, by the cook in the boll, a quantity 
of hot impure air, equal to the quantity of frosh air admitted to 
the barrels, when the fonl air rashod np from the valve with 
such violence as to make the surface of the sea boil, and cover it 
with a white foam, notwithstanding the groat weight of the 
water above. “Thus,” says Halley, “ I found I could do any¬ 
thing that was reqaired to be done just under us; and by 
taking oS the stage, I oould, for a space as wide os the circuit 
of the bell, lay the bottom of the sea so far dry, as not to be 
over shoes on it. And by the glass window so much light was 
transmitted, that when the sea was clear, and especially when 
the sun shone, I could see perfectly well to write or road, much 
more to faston'or lay hold on anything under ns to bo taken up. 
And by the return of the air-barrels I often sent np orders, 
written with an iron jMjn on small plates of load, directing how 
to move us from place to ])laoc, as occasion required. At other 
times, when the water was troubled and thick, it would l>o as 
dork as night below ; but in such case I have been able to keep 
a candle burning in the boll as long os I pleased, notwithstand¬ 
ing the great expense of air roiinisito to maintain tho flame.” 

Having by these ingenious eontrivanens removed the principal 
difficulties attending tho use of the diving-bell, liallny foresaw 
its oxtonsivo utility. He adds: " This I tadee to bo an invention 
applicable to various uses, such as fishing for pearl, diving for 
coral, sponges, and tho like, in far greater depths than has 
hitherto boon thought possiblo. Also, for tho fitting and 
planning of the foundations of mules, bridges, etc., npon rocky 
bottoms; and for the olcaning and scrubbing of ships* bottoms 
when foul, in calm weather at sea. But," ho adds, “ os I have 
no exporionco in these matters, I leave them to those that 
please to try.” To several of tlieso purposes the diving-bell 
has, sinco the date of this paper (1717), been applied with great 
advantage. 

Next, in 1732, Martin Triewald, a Swedish “ Captain of 
Mecluvnios," expressed an opinion that no apparatus but that 
on tho principle of the diving-bell oould be saJPely used at great 
depths; and he mentiuns a man, then sixty-tbroo years old, 
who had followed the business of diving with tho common boll 
ever since he was twenty. Tricwald’s diving-beU was of eopyier, 
tinned inside, smaller than Dr. HaHey’s bell, and managed by two 
men. A stage for tho diver to stand upon was suspended at 
such a dopl^ below it, that the man’s head conkl be but little 
above tiio level of tho water, whore tho air is cooler and fitter 
for respiration than in tho nppor part of the boll; and a spiral 
tube was attached to the inside of the bell, with a wide aper¬ 
ture at the bottom, and a flexible tube imd moutbpieco at the 
top, BO that when tho diver was np in the bell he might inhale 
cool air from the lower part, exhaling the foul air by his 
nostrils. Hr. Halley’s air-barrels arc applicable to a boll of 
this construction. Instead of windows of flat glass, Triowald 
used convex lenses to admit light to the boll. They arc usod 
to the present day. In clear weather they have boon known to 
ooncentrato the sun’s rays so as to burn the labourer’s clothes 
inside the boll, when exposed to tho focal point, and this 
when the machine was twenty-five feet under the surface of tho 
water. 

In 1775, Mr. Spalding, a grocer, of Edinburgh, experimented 
with HaUey’s diving-bell, with a view to recover property from a 
wreok on ti»e Forn Islands ; and ho made certain improvements 
on HaUqy's boll, for which, in 1776, tho Society of Arts re¬ 
warded him with twenty guiucoa Tho improved boll contrived 
by him was so light that, with tho diver, and weights attached 
to the rim, it would not sink. Tho necessary weight added 
was snspended from its centre by a long rope, whioh was so 
mounted on pulleys that the diver could either draw the 
balanoo-weight up to the moutli of tho boll, or allow it to fall 
oonriderably below it Thns, by letting the weight down to 
the bottom, 'Uio divers oould anohor the bell at any required 
level, or prevent its forthefr descent if they perceived a rock; or 
part of a wreck beneath it, widely might otherwise overturn it. 


Also, by hauling in the rope while tho weight was at tho bottom, 
tho persons in the beU might lower themselves at ploasnre. 
Then, near the top of the bell, a horizontal partition divided 
off a chamber that might, by openings and valves, be filled 
either with water or air from the lower port of tho bell, so as 
to alter tho spccifio gravity of tho whole maohino, and thereby 
cause it to ascend or desoond os required. The bell was sup¬ 
plied with air by an apparatus resembling Halley’s; and ropes, 
strotohed across the bell, wore used instead of seats and plat¬ 
forms for standing on. Thns the persons in the bell wore 
enabled, in ease of accident, to raise themselves to the surface 
without any assistance from above. A long-boat carried the 
signal-lines and tackle for working tho air-barrels. Mr. John 
Farcy, jun., next improved Spalding’s apparatus by making 
the upper chamber without valves, and used it as a reservoir Df 
condensed air, to bo filled by forcing-pumps in the partition, 
besides other provisions. Faroy also recommended that the 
men should bo attached by ropes to the bell, so that, in case of 
falling, they should not sink. 

Smoaton was the first to apply tho diving-boll in civil en¬ 
gineering operations, in 1779, in repairing the foundations of 
Hoxham Bridge. Tho bell used on this occasion was an oblong 
box of wood, supplied with air by a pump fixed on the top. In 
Bamsgato harbour this was used at a great dopth, the supply 
of water being forced through a flexible pipe by a foroing- 
pnmp in a boat. This bull was of cast iron, and it weighed 
50 cwt. Since Smoaton’s time the diving-boll has been em¬ 
ployed with great advantage in submarine works—sometimes 
in sitnations in which a coffor-ilam could not bo constructed, or 
the required operations performed by any other moans. The 
mode of suspension differs according to ciroumstancos—over 
I the sidj or end of a vessel, tlirougli an opening in the centre 
of a barge, from framework between two barges, or from a 
scaffolding'supported by piles. The operations upon the wreck 
of the Rinjal Qeor<,y at Spitbend were first surveyed by tho 
diving-bell in 1817. Tho celebrated Scottish ongino<.‘r, ,Tohn 
Bonnie, on this occasion improved the apparatus for moving 
tho bell in any direction. 

•A substitute for the rognlarly-constmctotl diving-bell was 
employed in the recovery of treasure and stores from tlus 
wreok of tho Thcti» off Capo Frio in 1830, by using a ono-ton 
ship’s wator-iiuik, wiiii eight inches of iron riveted to the 
bottom to give it moro depth, and having attached to it 
eighteen pigs of ballast (17 cwt.) to sink it, when tl;o greater 
part of the property was recovered. 

'The Nautilus submarine maoliine is an American improve¬ 
ment npon the old diving-boll. It is nearly cylindrical, with 
a spherical top; and tlio working apparatus, on board a barge 
floating near, consists of a steam-boiler, a cylinder or reservoir, 
and a condensing or air-pump. Tlio workmen lasing stationed 
in the macbhio, water is admitted into two chambers, as ballast, 
to cause tho nantilns to descend to the bottom; while the air is 
drawn through hose from the reservoir in tho barge. As soon 
as the air thus drawn is sufficiently condensed, a cover to the 
■bottom is raised, and communication obtained. Not only do 
persons thus remain under water for a oonsidorablo time, bmi 
should tho hose communicating with the reservoir become dis- 
conuoctod, no danger can ensue to those in the machine, ns 
they can, by moans of tho coniprossod air within tho boll itself, 
expel a portion of tho water, and thns enall? themselves to 
rise to the surfaoe. 

A diving-machine contrived by Klingort, of Breslln, abont 
tho year 1800, was so arranged that it would rise or fall by tho 
motion of a piston in a cylinder in tho lower part of the ftppa- • 
ratuB, by which tho diver could vary tho density of tho air 
pleasure. A very simple apparatus to enable a person to dive 
without a boU or either of tho machine.s here notioed, was 
invented in 1839 by Mr. W. H. Thomthwaito, of Horton. It 
consists of a hollow bolt of india-rubber cloth, to which is 
attached a strong copper vessel, into which air is forced by 
a condensing syringe nntil it has a pressure of thirty or forty 
atmospheres. The belt is then put on in a collapsed siiito, so 
that it affords no buoyancy, and docs not impede the desoent 
of tho diver; but when he wishes to rise he opens a valve, by 
whioh tho .oondonsed air escapes from the oopper vessel into 
the belt. The entrance of the air expands tho belt, which, 
when filled, affords sufficient buoyancy to raise the diver imme¬ 
diately to 'the autfoce., 
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PRACTICAL PERSPECTIVE.—XIIL 

THE PEBSPECTIVE OP POLTCfONS. 

We now proceed to etady ibe method of obtaining porspectiTo 
projootions of polygons. Students who hare worked through 
the ounrse hud down in lessons in ‘‘Projection " will have no 
difficulty in realising the two plans drawn under the picture- 
line ; that of Pig. 63 as the plan of the hexagonal prism standing 
on its end, and that of Fig. 64 as the plan of tho object when 
lying on its side. 

We require, in the first instance, to put into porspoetivo tho 
plan of Fig. 63, and to do this wo must first enclose tho regular 
hexagon, a b o' s e f, by the rectangle o m i j. 

This rectangle is then put into perspeetiro in tho usual 
method, by drawing linos from H and l to the centre of tho 
picture, by describing the quadrant J j', and from j' drawing a 
lino to the point of distance, cutting r c in j; then a horizontal 
line from j will cut H c in g, and will thus giro the porspootirc 
projection of tho containing rectangle. 

Now from o' and l) draw linos to the centre of tho picture, 
cutting gj in a and /. Tlic lino «/ is then tho distant side of 
the hexagon corresponding with c 'd in tho picturo-liiio. 


Now in Fig. 63 lines drawn to c from the points corresponding 
to those gave tho width of the distant ndo, but in the present 
case this would not answer this purpose, for the distant side, 
a 6, is of a different size from tho near one, A B. 

It is therefore necessary to sot off tho real width, a' 6', on the 
picture-line (Fig. 66), and linos drawn from these to tho centre 
of tho picture will cut tho distant line of the containing figure 
ill a and 6, the points required. 

From c sot off D, tho distance of tho point D from the fore- 
grround, and draw a line from d to the point of distance, cutting 
tho lino c. From this intersection draw a horizontal line, 
catting tho side cf the containing figuro in d. 

Join A d and d a. 

From c sot off the length c e (taken from Fig. 65), and draw 
I a line from E to tho point of distance, cutting tho line c in r. 

I Join u e and e b, complotiug the figru^e, which, os will be seen, 
is not reversed. 

We now return to Fig. 63, with the view of com] doting the 
prism. On c 'd raise perpendiculars, c' K and iii., and join K L. 
This will give ono of the vortical sides of tho prism, parallel to 
the picture-plane. 

.At & and e erect perpendiculars. 



From 1 describe tho quad -ant e e', and from e' draw a line to 
the point of distance, outtiii,. t j in c. 

From e draw tho horizontal line e b. 

Joui c' h, b a, also l> e, f /, and thr-ne, with tho two lines c i) 
anj af, already drawn, will complete the plan. 

Tho student, on examining this fignrn, will bo again reminded 
of the prinoiplo already laid down, that all linos which in tho 
object are parallel to each other vanish in tho same point; 
for he will see that the linos in tho plan which unite a c', f d, 
9 H, and I J, being at right angles to the picture-plane, converge 
to the oenfito of tho picture, and that tho linos D c and b a, which 
in the plan are parallel to each other, converge to vpl in tho 
•projection, whilst c'6 and c/converge to vp2. 

^eforo proceeding with this figure, we may call attention to 
the fact that tho perspective prqjection of the plan represents 
the original figure as if turned over on tho lino h i, so that tho 
points which in tho plan arc in tho foreground aro seen in tho 
distance in tho porapootive projection. In this figuro, which is 
equilateral and equiangular, this is of no oonsequonoe, but under 
other ciroumstanoos it might he important that tho points in the 
near side of the plan shonld be shown in tho foreground in the 
PrqjcMtiott, and thoroforo another method is shown in Fig. 65, 
’>'hioh will apply to irregular os woU as to regular figures. 

Xiot Fig. 65 be the plan of an irregular hexagon which is to 
be put into perspective. s 

Having dimwn aronnd it the containing rectangle, and haying 
pot this into perspective, as shown in 66, mark tho points 
A and B for the nearest side of the figure. 


Now it i.'! ovident that tho prism consi.^t.s of six equal rect¬ 
angles, and that as K i. is parallel to <•! D, the upper oilgoa of all 
tho sides will be parallel to those immodialoly benoatli them ; 
and as it has been shown that all linos parallel to ouch other 
vanish in tho same point, it will ho evident that lines drawn 
from K and L to vi'l and will give the edges i. M and N K, 
which in tho object would be parallel to d e and c' b. 

From cz and f erect peri>endiculara ; from K and I, draw lines 
to tho centre of tho picture, cutting them in k 1; and 
join k 1. 

Tlion tho rectangle afll will bo tho perspective representa¬ 
tion of tho distant side of tho prism, which, like c' D K n, is 
i parallel to tho piano of tho picture. 

Join M I and N k, which will comjdeto tho top of tho prism ; 
and it will bo seen that these linos produced will end in tho 
samo vanishing point a.s tho other edges of tho object to which 
they are parallel. 

Fig. 64 is tho perspeotivo projection of tho same prism when 
lying on one of its sides, so that its hexagonal end is at right 
angles, and its long edge'is parallel to the plane of tho picture. 
It is hoped that previous practice will have enabled tho student 
‘ to work this study zvithout tho diagram being completely 
I lettered, and with but few instructions. 

I Tho plan is, in tho first place, to bo projected, and at J tho 
' end elevation of tho enclosing rectangle is to be put into per¬ 
spective. This process is also to bo carried out at tho other 
i end of the plan, and a solid rectangular block will bo formed, 
which will seem as a case oontAning tho prism. 


vox., n. 
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Next, nttk from J the points f and A, which may bo dono 
d ogari biny qiudrants from 3 ; and from v and A draw lines to 
the point of distance, cnttiiig j o in / and a. At these points 
draw perpendionlars, meetiny i h in c and D. 

Ob the perpendionlar j mark off the hdyht x, and from that 
point draw a lino to the centre of the pictnre, cutting a b in b. 

Join/s, ED, DC, cB, Ba, af, and ao osmplete the end of the 
prism, llie opposite end wdl bo projected by simply drawing 
horizontal lines from the points already formed, to meet the 
sides of the containing figure. 

Exebctbe 55. 

The soolo is j inch to the foot; height of spectator, 6 feet; iUstance, 
16 feat. 

Snhject, a prism, ibe ends of which are regular hexagons of 3 feet 


Join a 5, which will complete the perspeotiTa 

projection ^ the pentagonal end of 'Qte prism. 

distant end will be projected by drawing lines bom a, 6, 
o', d, e, to vb 2, cutting the sides of the distant containing figure, 
as in tiie former example. 

Ezxbcise 60. 

Pot into perspectire n pentagonal prism lying so that its and is at 
right angles to the plane of ^e plotuie, at a given distance on the 
right of the spectator and from the fraegrounA Boala and zasaanre- 
ments at pleasure. 

Exbbcisb €1. 

dive the penspective prcjection of the same prism when lying so 
that its edges ore at right angles to the plane of the piotuTe—the 
object to be on the right of the spectator and within tiie plotore. 


side, and the length of which is 8 feet. 

Put this object into perspective when at 4 feet on the left of the 
spectator, its end being vertical and at right angles to the plane of the 
pictnra. 

Exebcibb sc. 

Put into perspective the same object when lying at the same distance 
on the left of the spectator, but 10 feet within the picture. 

Exercise 57. 

Qivo the perapective projection of tho same prism when lying on 


I Exercise 62. 

I Put into jierspective the same object when lying on one of its aides, 
so that its pentagonal end is vertical and nt 50° to the picture-plane, 
the oljeet being placed on the left of the spectator and in the imme¬ 
diate foreground. 

Exercise 63. 

Give the perspective view of the prism when lying so that ite pen¬ 
tagonal end is at 40° to the piotnre-plane, at a given distance back¬ 
ward, and on the right of the spectator. 



one of its sides, its bcxagouul end bemg in the foreground and pomllol 
to the plotue-ptone, the nearest angle being 6 feet on the left of the 


spectator. 


Exercise 56. 


Pnt into perspeotivo the same prism when lying at S feet on the 
right of the spectator, its hexagonal end being parallel to and at 8 feet 
within the picture. 

Exercise 59. 


Give a perspective view of the same prism when standing on its 
hexagonal end, at 4 feet on the right of ibe spectator, and 0 feet within 
the picture, tho surface facing tho siiectator, and also that beyond it 
being parullol to tho picture. 

We now propose to show the method of projecting polygonal 
objects when placed at angles other than right angles to the 
piotnre-plaTio. 

The subject of this losson is a pentagonal prism, of which 
67 is tto end elcrution, and Fig. 08 the plan. 

Having found the vanishing-points and mcaRuring-points, 
aocordiag to the position of the plan c e a f, and having pro¬ 
jected tho plan, enclose the end elevation, arc'i>'e', in tho 
rectangle C c e *, and put this into perspective as in Fig. C4. 

Hark on tho picture-lino the points A, b, and D, and from 
them draw lines to tho inoasuring-point, cutting c c in a, b, 
and d. 

The length a b will be tho perspective reprosontation of the' 
base of tho pentagon, and a perpendicular drawn from d will 
oat ee' in d', tiie upper angle of the pentagon. ' 

Kow on the perpemdicnlar c mark off tlm height c', and draw 
n line to tiic vanishing-poiats oufring c e' in x'. 


Exercise 64. 

Scale, j iucli to llic foot. Height of spectator, 6 fact; distance 
18 feet. 

Subject, a prism, the end of which is a regular pentagon of 2 feet 
side, and the leugMi of which is 2 feet. 

Put this prism into penijicctivo when standing on its end, one of Uie 
angles of which is at a feet on tho left of the spectator, and of me 
two adjacent sides (tlmt is, the two sides meeting at this angle) tlio 
one nearest the spectator recedes from tho picture at 30°. 

Exercisf. 65. 

Give the persjicctira projection cf the same object nnder the enmo 
cirrnuistances, but at 5 feet on the right of the spectatol, and 8 feet 
within the picture. , 

SANITARY ENGINEERING.—VI. * « 

QAS-METSKS. 

In oar previous papers upon gas we have given some idea of 
the method of its manufacture and distribution; its applica¬ 
bility to small establishments, nnder .the head of “Private' Gas- 
Works and also some idea as to its proctiool use in lighting 
large interiors, nnder the head of “ Sunbnmers.” The object of 
our present paper is to give .a short account of the way to 
which the gas we bum is measured, and the mechanical jH>pl>* 
anocB available for tbat^ purpose. Water supply and paynN>to, 
thronghont the metro^lis at all events, are r^pilated by an 
arbitraiy set of mles entirely out of the control or Bnperviiion of 
the general consumer. The house ie rated at a certain figure, and 
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wheliher moM or leas water is oonanmed the payment ia the 
game. Bat with ([as the ease is different in the great nuyorliy 
of instanoes. Ae far os prirate eoneamption is eonoemed, the 
gas is measnred before it is burnt; in other words, it is burnt 
by meter, and the oonsnmer pays for what ho bums—no more 
and no less. How is the quantity ascertained P This we shall 
now prooeed to show, premising that the motive power of the 
measurement is the pressure of the gas itself. In a former paper 
desoribing the gas “ regnlator,” we indicated how the pressure 
of the gas, by the action of a valve, could bo brought to bear upon 
the “ quantity ” of gas delivered and tho amount of the supply, 
and then reg^te the consumption; and the same power, the 
pressure at which the gas is snppUod, is utillBed by the machi¬ 
nery wo shall describe in tho sequel to rogistor its own volume, 
and record the quantity consumed. 

The principle thus broadly stated may be adopted either with 
the aid of water or without. Where water is used as the medium 
through which the gas is admitted, tho machine is called a wet 
meter, and where no water is required, a dry meter; caoh 
system has its peonliar advantages for different purposes. Tho 
simplest form of wot meter is a horizontal cylinder closed at 
the end, and encased within another in which it revolves; tho 
inner cylinder is divided into what may bo called quadrants, hy 
a series of partitions passing through its axis, and showing in 
section like the spokes of a wheel; and into one of those quad¬ 
rant spaces at a time tho ga i is introduced by the supply-pipe 
at tho water-level. As tho goa enters the sootion of tho cylinder, 
it gradually, by its pressure, forces up the partition, and, as we 
may say, tnms the wheel. When a certain point in the revolu¬ 
tion is reached, an opening is provided into the external case of 
the meter, the gas passing into tho pipes on the other side; and 
the gas in tho quadrant Iming thus released, the soctiou below 
it becoming subject to the same action, is in its turn raised by 
the pressure of the gas, and discharges its volume of gas in the 
same way. In tho case before us, snpposing tho cylinder 
divided into four, when each of these has been filled and dis¬ 
charged a revolution is completed, and a certain number of 
cubic feet of gas have been passed forward for consumption. 
The cylinder is made to revolve upon an axis, which projects 
beyond the internal casing, and on which is fixed a toothed 
wheel, which, by an ingenious arrangement of clockwork, 
is made to register tho number of revolutions, and is so 
arranged that on tho series of little dials on the front of tho 
upper portion of tho gas-meter, with whose appearance we are 
all familiar, tho consumption of onbio feet is antomatically 
registered—tons, bnndrods, thousands, and tens of thousands, 
each being recorded on its separate dial. Tho inspector, who 
comes to take an account of the gas burnt, has only to register 
the figure then indioated, and his record is complete. 

In dry meters tlie same method of registration is adopted— i.c., 
by mesas of clockwork, and the first motion is obtained by tho 
alternate expansion and contraction of a scries of movable 
diaphragms, tho rotating motion thus obtained being registered 
in the ordinary way. 

J^or is the amount of gas passed through any particular 
meter a matter of speculation; it is ascertained by actual ex¬ 
periment, not by any private individual, but under the absolnto 
provision of an Act of Parliament; this is known as tho " Sale 
of Gas Act” of 1859, and is the grand controlling pow» over 
the gas company and private individnolB as far as legislation 
IB conoerOed. Its ootion is, unfortunately, only very partial; 
bni^ as onr present object is technical and not legal, we may 
.remark that its operation will very probably be extended. ^ It 
romlAes the oonstraction and stomping of meters, and provides 
fdr their deposit with the proper authorities; and to show the 
detail into which it goes, and the definiteness of its provisions, 
yro will quote the second clause only, which may be taken as 
llie teey-note to the whole:— 

“ ChHue 2. After the passing of this Act, the only legal 
Bt&ndaxd or unit of measuxe for the sale of gas by meter shall 
be Ihs ohbio foot oontaining 62*321 ponnds avoirdupois weight 
of distilled or rain water, weighed in air at the temperature of 

degtSM of Pahrenheit's thermometer, (he barometer being 
at 80 inohes, exoept os relates to oontraots made before the 
Pass^ ^ this Act, by which a different unit of mcasnro is 
wUdh oontracts may not be renewed.” 

laapeotors of meters ore appointed, and meters, after being 
tasted aooording to certaia provisions, into the detail of which 


our space does not allow ns to go, are reqaired to be stamped, 
the stamp attesting their correctness as ascertained by expe¬ 
riment. Thero are fines, penalties, and vaxiona other ptoviriws 
in the Act, for its proper enforcement; with the details of 
which we will not trouble our readers, 

A very important element in all matters of gas calculation 
is the prosanre, which is thns measured:—^A tube bent in the 
form of the letter U, with the ends open upwards, is partially 
filled with water, this water being perfectly level in both tubes *, 
one end is then connected with the gas-pipe, of whioh -the pres- 
snre has to be tested, and tho power of the gas lifts the water 
in the other tube, and dopresscB it in that to which it is 
connected; the difference of level thus obtained is measnred 
in inches and tenth parts of on inch. We may say that a 
fair average working pressuro is somewhat less than an inoh; 
but 08 all experiments are more delicate if made nt a low ptes- 
Buro, tho regnlatioii testing and marking of meters and standards 
is fixed at a pressnro of five-tenths only, or half an inch. 

In localities where there is a great difference of level, the 
well-known tcndoticy of gas to rise produces the result of 
giving a much higher pressure at tho upper than at the lower 
portiou of any range of pipes; and in practice it is found that 
a difference of 100 foot is about represented by an inoh of 
prossnre; so that a house situated at a height of, say, 200 feet 
above the gas-works, would indicate a pressure of three inohes, 
supposing tlio goa delivered on the lower level at a pressnre 
one inch. 

Wo now proceed to say a word or two on the comparative 
advantages and disadvantages of wot and dry meters; and may 
mention, as a fact, that the use of dry meters has mitch in¬ 
creased of late years, especially in the London district; and 
there are some public companies who now only fix dry meters; 
while throughout tho Birmingham district wot meters only are 
used. Each system has its advotxites, and we will briefly 
allude to the argnments on either side. 

The most serions objection to the wet meter is tbs liability 
of tho water to freeze, when, of course, the supply of goa is 
stopped ; but as meters are usually within the house, a few 
very simple precautions will effuctnally prevent this happening, 
and it is not found in praotical working to be an objection 
any mon.ient. 

The next difficulty is the irregularity to which the water- 
level is subject from evaporation and other causes. It will bo 
evident tliat if a meter measure correctly at the true water¬ 
line, should tho water rise above that point, the measuring 
chamber through whioh gas passes is diminished in size, while, 
if the water is allowed to fall below it, more gas will pass 
than is measured in n precisely parallel ratio. Hence the con¬ 
stant recommendation of tho gas inspectors to pat plenty of 
water in the motor And here tho point at whioh &cility is 
afforded to any ono with dishonest intentions to obtain more 
gas for his money than ho is fairly entitled to by altering the 
level of tho water in the meter. Many ingenious inventions 
havo been mode in tho way of manufacturing “ compensating” 
meters, which, by self-acting machinery, shall regulate th^ 
own water-level; this object being generally obtained by means 
of a float, whioh, when tho water falls below a certain level, 
sets in motion by means of a spring or otherwise a “spoon,” 
as it is technically colled, which, from a reservoir speoially pro¬ 
vided, lifts suflicient wate into tho motor proper to restore tho 
water-line. Compensating meters havo been very numetons, 
but a great proportion of them have failed in practice from 
various onuses ; and some companies prefer relying upon the 
vigilanoe of their offioors rather than resort to employing any 
of these methods. 

Dry meters, us now ordinarily constmoted, ore either obliqne 
action or direct action. In the oblique action meter the 
square form is usually adopted for the one side of what we 
may call tho bellows portion, the movable part being divided 
into fonr triangular sections meeting at a point in the middle, 
these sections being connected by what may be called gnsseta 
of leather, and hinged all around the outer edge; when the 
gas is admitted the centre is gradually forced out, and the 
pyramidal chamber thns formed measures the gas. ^ The metal 
of whiqk the plates are formed must be of a quality to rerist 
tho corrosive action of gas and its condensation. 

In the direct action dry meter tho cfrc.ilar form is nsnaliy 
adopted, and a oircnlar disc dl metal is united to another all 
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round iti oircamfeTonce by leather, in the same way. W)ion the 
gM is admitted, the discs are gradually forced apart, and the 
contents of the flattish cyUnder of gas between them forma tho 
mesanring unit of tho meter, which may vary in size almost 
indefinitely from a throe-light meter to a three-thousand light 
meter, or even larger. We may here remark that the nominal 
power of a meter is always very much holow its aotual oapa- 
oity, and that any meter will safely and satisfaotorily supply 
double at least the number of lights represented by its descrip¬ 
tion. The objootiona to tho dry meter are, that the leather with 
which its diaphragms are constructed is subject to variation of 
flexibiUty by change of temperature, and that, therefore, it will 
record irrognlarly at difforent times of tho yoar ; that it is not 
so lasting as the ordinary water meter, and that when out of 
order it is not so easily detectod. There is olso this objection 
to it, that it is not so perfectly regular in its delivery, tho 
alternate aotion of tho chambers sending thu gas forward in a 
aeries of puffs, ns it wore, and not in one regular stream. This 
objection does not deserve any weight in ordinary praetioo, but 
in experimental uses, when it is desired to obtain an exact 
record of short spaces of timo for purposes of comparison and 
oalonlation, certain minnte irregularities of this kind have been 
knosm to oconr. 

We may mention that the immense meters now in course of 
mannfaotnro for the works at Beokton—tho largest gas-works 
recently erected—will be wet motors; the reason being, that 
all the largo “ station ” meters, as they are colled, having to 
reoeive the gas somewhat warm, with its full proportion of 
tarry deposit, the wet form of meter is adopted for Ute reason 
that a o^ain amount of deposit, which always takes place at 
tills iioint, is more readily removed from a wot meter. In 
ordinary bonae meters this does not take place, and therefore 
dry meters may be safely introdneod. 

We cannot attempt to deoida in favour of either, but have 
endeavoorod to state, os fairly os we can, tho arguments on either 
side of the question of “ wot meters vernus dry.” 


OPTICAL INSTRUMENTS.—X. 

BT BAUUXI, HlOHIiET, F.Q.S., ETC. 

IPPABATUS EMPLOYED FOB EDUCATIONAL DEMONSTBA- 

TIONS. 

It may seem strange, to some absurd, that wo should ask 
learned teachers to dovoto serious attention and consideration 
to that leminisconcs of the nursery, the galanty-show—to that 
toy of our boyhood, tho magic lantern; but many scientific 
things when first discovered, either from their romarkability or 
bsau^, have excited pubiio interest only to the extent of being 
regarded as pleasing toys, till in tho oourse of timo their 
praotioal value has been disoomod, and they have ranked there¬ 
after among tho implements of applied scienoe. Such was the 
globe of water, magnifying in distorted form the fly or flower, 
till in tho hands of soienoe it sprang into that exquisite roflno- 
ment on optical knowledge—the mioro-soope—the discoverer of 
hidden worlds of life, and the seat or form of disease within 
the inmost walls of the human frame. 

Sooh the kaloidoBoope, the tin case with its hits of coloured 
gloss, regarded long as only a wonder from the fair, till in 
praotioal hands we And ourselves indebted to its aid for many 
of the boantifnl goomotrio designs which ornament our walls or 
floor. 

Such tho camero-obsenra, the discovery of Baptists Porta of 
Podua, till tho progress of chemical knowledge revealed to us 
tiw moans of fixing its fleeting images; and even then its light- 
imprinted prodnots, topthor with their adjunct the stereoscope, 
wore littie thought of in their praotioal and educational applica¬ 
tions till recent days. 

So with the magic lantern. Who is there over forty years of 
age who eaamot remember in the days of his youth question¬ 
able-looking men going throngh I.K>ndon etreote or oonntry 
towns, ctyisg “ Galaoty Show! Galanty Show !” as soonae damp 
and dreary winter set its mark upon the waning year f Who 
forgete how orade the apparatus was, suggesting a oopvsrted 
tea oanistw, illumined 1^ a emoky, fat-trimmed lamp, or how 
eoBcse but langhter-moving the etook of slides—old Joe Ori- 
maldi tolling 1^ eyes—skdletoafiBeath that raised his dart— 


the terrifio upper aud under-out oombat between tho Unglishman 
and the Frenchman—the fierce Turk’s head that oame out of the 
Uly, and tire black woman out of the oauliflower—all done, as we 
. aro aeenrod, by wonderfully complicated meohanism, that cost a 
i mint of money P Who can forget that party-spirit, moving 
I Hoene of all tho parish hanging on to the respeotive tails of 
I the two fighting dogs or tho never omitted “ Pull Devil—Pull 
I Baker,” that wound up tho exhibition P Ah! tempora mutant 

! mores. Skeletons hove gone out of fashion—and the D-- 

I must never be mentioned to ears polite now-a-days, much less 
sold as a marketable commodity in the shape of a slide for tho 
I magic lantern. Then oomo a step towards improvement on 
' snoh primitive entertainments in tho shape of tho “ Phantas- 
; magoria,” that excited general wonderment at tho old Adelphi 
I Ihoatro, with its awe-inspiring eSects. A few years later, and 
I Child’s dissolving views at tho Adelaide Gallery, Colossonm, 
j Alhambra, and the Polytoohnic, evidenced a great odvanoo in 
tho right direction, and led to the'prodnction <5f the finest hond- 
paintod slides and meohanical effects that have over been pro¬ 
duced for tho magic lantern, os much as fifteen and twenty 
guineas each having been paid to tho artist-s who produced them. 

In recent years came tho application of photography to tho 
magio lantern, and it became apparent that that which bad only 
' been employed for mere amusement was destined to bBOomu, 

; in tho hands of tho professor and schoolmaster, an imimrtant 
I philosophical instmmont of great educational value; yet I am 
I surprised to find how few there are among those whom it most 
j cunoems—viz., tho professed “ educationists ” of the day—^who 
I are cognisant of tho extent to which tho magic lantern may bu 
I employed for school icaohing and class demonstration. By tho 
I aid uf tho magic lantern wo can deal with beams of parallel, 
converging, or diverging rays of light, which, brought to boar 
I upon suitable apparatus aud appliances, enables ns to exhibit 
' the most important optical phenomena, and demonstrate tho 
laws of plane and polarised light deduaed therefrom. 

Aidod by meohanioal contrivances and transparent orreries, 
the astronomer can avail himself of the lantern for illnstratiug 
his discourse on those vast and unlimited realms of S|iaao 
I beyond onr own globe, which are studded with other planets, 

’ star-groups, comets, and meteors; while availing himself of pho- 
tography, ho con present to his audience tho self-depioted por- 
! traits of tho sun and moon, the phases of eclipses, those myste- 
riona protuberances that surronnd the sun’s edge and extend to 
a vast height into its photosphere, the dark spots that travel 
over the sun’s face, and tho spectra of the heavenly bodies. 

It is when photography is thus applied to the production of 
transparent diagrams for tho magio lantern that tho odnoational 
value of that instrument for a wide range of illustration becomes 
palpable. Within a diso three inches in diameter, all tho 
details of a microsoopio object of the most complex strnotnro— 

I the orevassed range of the Mer do Glaoe, or the vride-angled 
I landscape of the Falls of Niagara—may be clearly depicted in a 
. manner that could not bo approoobed, muoh less rivalled, by a 
I hand-paintor, even if a surface four times the size of that spoci- 
< fied wore given to him to work on, which would then entail, a 
j lantern four tunes the size of that required for the photograph’. 

I and inoToased bulk of apparatus implies increased expense in 
every direction. 

Undoubtedly many subjects have been truthfully and artisti- 
'cally produced for the magio lantern by the hand-painters; but 
can any artist (even if be be a pro-Raphaelite) for ofie moment 
protend to cope with Dame Nature in her ortistio moods, or bops 
! to introdnee the amount of detail she, with her nndqjating* 
, brnshes of light, fixes upon the film wUoh her assistant, the 
chemist, has prepared for her P For it must be borne in mind, 
that while the artist delights in broad efleots, tho teacher of 
science regards detail as a sine gua non, their aims being different ■ 
and when we call upon Nature to depict her treasures with her 
ovim pencil, another requirement of tiie naturalist is ensured— 

, tho truthfulness —for we know onr studies ore then delineated by 
I a faithful and an unbiassed hand. I have long been impressed 
. with the oonviction that a leotnrer on natural history—'and 
oven on pathology—^wonld welcome as a boon tmthfnl trans¬ 
cripts of Nature that could be packed in a small space, and then 
shown by means of a laatem on a scale snffioient to arrest the 
attention of the student, for aU persons who have had any ex¬ 
perience in BOiaatifia edaoationsl matters know the valns of 
I appeoUng to the eye. .Book loiowledge, or that experience 
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gained oven from tho moat gmpliic dosoriptions, is but of alight suoh as in topresonting the luolloaoa, the obiaots should bo 
value to the studmt who would become a true naturalist. Ho modelled in wax in connection with tho reol shell of the species, 
must aee—if possible, handle—too objects of hia study. and too same applies to the tubud annelids. 

Tho next best thing to this, is to be familiar with the most Tlte anaiomtst, may avail himsolf of tho method now' adro- 
ocourate dolinoations of the forms he wishes to bocomo nc- j cated for showing laryc diagrams of tho various parts of 
qnaintod with; and horo Photography offers hor aid, and tho , the animal frame, preijarntoi'y to slwwing the parti ihcmselvi's,* 
magio lantern popularises hor efforts. This mode of project- I and so preparing tho students for tho points they should then 
ing on a screen enlarged delineations of tho objects described j give special attontion to—a matter of grave importance when 
by a teacher is very impressive, as tho luminous diagram is of i demonstrations have to bo made on tho dead body in hot 
such a size, that every student in the largest leotnro theatre I climates. 

can discern the most minute details, which is more than can bo ! To secure negative photographs of onatemioal snbjeote, I 
said of too ordinary paper diagrams usually placed before a | may hero draw attention to a possible difficulty, a:id too means 
class. But beyond this, whon the phoiograxihs havo boon taken i of surmounting it. 

direct from Haturo or from artistic productions oorroct as to the 8omc years since I made on attempt at St. Bartholomew's 
rendering of light and shade and anglo of view, tho imago ■ Hospital to photograj)h anatomical subjccls that hod been 
stands forth on the scroon with nil tho roundness of Nature ; carefully {troparod for mo by Mr. Luther Holden; but, though 
and perfect stereoscopic effect. Again, as only one subject is j from one to twenty minutes’ exposure was given, nothing but a 
presented at a time, toe attention of tho student is fixed upon ' faint image presented itself. I first attributed this extraordinary 
tho object of too lecturer’s description, and tho listless eye ; failure to tho miasma of tho dissecting-room, but on tho subject 
cannot wander from ono picture to another, as is too often tho i being photographed out in tho open air, a lino negativo was 
0 ^ when a number of paper diagrams are displayed at one j obtained. Our failure was really attributable to tho yellowish 
time. There is one thing, however, that photographs cannot, as ; light rettccted from the buff walls common to dissecting- 
yet, effect—it can draw our pictures, bnt it cannot paint them. ! rooms, such yellowish light making little or no impression upon 
Tho day may oome, however, when oven that apparent miracle a sensitive photographic film ; and this gives us a hint, if it bo 
may bo accomplished, for wo must not forget that that great . thought advisable to employ photography systematically at our 
master in science, Michael Faraday, who passed from among ! hospitals. The walls of tho operating-room must bo loft white 
us, not great in years, but great in tho esteem of men, has ! or coloured blue—not that that colour will add any actinic 
bequeathed to 'Warren Do la Itue tho daguerreotype presented ' i)ower to the light reflected from such surface, for it is not an 
to him by Bocquerol, whereon Nature had reproduced a coloured . uncommon error amongst photographers to believe that by 
figure from hor own spectral palette ; and that precious sped- | allowing tho light of heaven to passthrough blue glass increased 
men exists, unfaded—^a promise for tho future ! i actinio power is aecored to their operating-rooms ; but it must 

If wo take a survey of the departments of science in which ' Im observed, though a yellow glass will stop tho progress of tho 
tho lantern can bo employed for class demonstrations, wo shall [ chemical rays, a blue glass will add nothing to a passing beam, 
find that i whether it bo rich or poor in actinic rays. Tho same, of course. 

The mineralogist can employ photegraiiluc lantern slides for applies to reflecting surfaces, 
projecting on the screen large diagrams of chemical formulio ' A Hussion professor of anatomy secured exquisite sections of 
or tabular views of the classification of minerals—too spectro- ■ various parta'of tho human body, with all the organs tn situ, by 
scopic oharactetisticB of the elementary bodies—tho typical forms j completely freezing a subject into a solid rigid mass before 
of tho crystallographic systems, and, by means of too opaque ] making the desired longitudinal and horizontal dissections. The 
lantern, the characteristic forma and colours of minerals and i various sections wore then photographed, and tho resulting 
rocks. By the lantern polarisoopo ho may show the dcpolar- i diagrams are admirably suited for lautom demonstrations, 
ising, dichroitic, uniaxial, biaxial, or tcssclated characters of , The 2 >hysiolngist may make tho heart or lungs of a man or 
crystal sections; or by tho lantern microscope ho may show , animal write its rhythmic or irregular action on a piece of 
tho particles of matter in tlio very act of grouping them- smoked glass, and tho result con then be shown as a large 
selves under tho force of crystalHsation—tho order of the diagram by aid of the lantern : and besides the employment of 
magnotio curves, the action of weak currents on the needle coloured diagrams, the circulation of tho blood, together with 
galvanometer, or the acoustic figures of Ciilodni, Savart, and many other funetions of vegetable and animal organs, may be 
Lissajon—tho decomposition of water into its constitnont clo- displayed by means of suitable contrivances, 
ments and their volumetric x>roporUons, together with many The pathologist niay avail himself of photography and tho 
other ohemioal, physical, and morphological demonstrations. hintern for placing before his class truthful records of rare 
The botaniit, cither by photographs direct from Nature or eases, occurring at his own hospital or m tho clinical wards of 
from carefully-made drawings, or with jiroparations of too ! other medical schools at home or abroad. In rare surgical opera- 
objects themselves (as tho ease best admits of), may display i tiuns, portraits of a suffering patient may be taken at a given 
the speoifia character of plants—groups that illustrate tho j moment and instantaneously, whon it would bo an act of barba- 
great natural divisions of too vegetable kingdom—^thoir micro- rity to call upon the hand-draughtsman to perform suoh office, 
sfiopio oharaoters and geographical distribution- tho absorption ■ Such photographic records havo for some years past been made 
spectra of vegetable infusions, with other physical and chemical ' at tho Middlesex Hospital by Mr. Charles Ileisoli. Dr. Bolmono 
charaoteristios of plant-life. | Squire has employed this method for the dcliueation of skin 

The zoologist by toe same means may demonstrate the . diseases; and Dr. Diamond, many years since, produced a series 
osteology, the anatomy, microscopical characters, typicol 1 of photographic portraits, illustrating tho “ l^pos of the Pliy- 
structure* Slid typical forms of the great natural divisions of . siognomy of Insanity,” in many cases the progress of the 
the animal kingdom, and plaee before his students groups of j various stages of mental disease being periodically recorded by 
^ animals obaracteristio of the regions of Europe, Asia, Africa, aid of tho camera. 

America, and Australia, and the ethnological types that (sharao- j The microsenpist may in some coses display tho minute struc- 
terise tho same geographi<^ divisions of our earth. As a rule turo of natural or artificial objects tbcmselves on a magnified 
it is preferable to take photographs direct from tho living scale by means of tlic lantern miorosoopo; in other cases, espe- 
snimals, as Haos has done in his mlmirnblo scries from toe ' cially in regard to the most minute forms, by means of positive 
Zoological Gardens, but in many instances this is impossible, . transparencies obtained from negatives of objects that havo been 
end in some oases a diagrammatic treatment of tho subject's pre- ■ enlarged in too camera up to three inches in diameter, according 
fera'blo. This specially holds good with most of tho oceanic ' to the methods successfully carried out by Eeade, Delves, hh^- 
forms of life ; for when out of a sufficient bulk of their native ] bolt, myself, Crookes, Drs. Maddox, Abercrombie, and Wright, 
element they oollapso and look anything but as if they hod I Woodward, Bockott and others, which are thou cnIatgeJ to any 
been depicted “from too life.’’ ; extent by toe lantern—a matter that cannot bo effected by the 

Again, from toe rarity of the subject desired, it may bo -— .. - -— — - . 

nooessory to resort to engravings i &<> expense should^ bo • preparatory metliod applies generally to difficult or oipenslTo 
spared to procure tocm from toe works of the best authorities, demonstrations, when it is desiiablo to direct the ntlentfim of tho 
*od in such st^le of execution as is to be found in the works student to the point to be observed when the object Itself can only 
of the and KdsBontographioal Societies. In other cases, be shewn for a limited time. s 
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]Kat6)(a mioioBoope, as beyond a oertain point of entecgement 
it* optical aberrations become too pronounced when really 
great amplifying poirere are employed. 

The geoloffiit may illustrate bis lectures by vieira taken direct 
from Nature of tbe mine and the quarry; the natural olearage of 
daty rooks, or the stratifications of aqueous deposits; the disinte¬ 
grating action of the atmosphere on granite and feldspathio rook; 
&e stupendous erosive action of water as at Niagara FaUs; the 
Toloanio cone and crater as in Piazzi Smyth’s photogmphs of 
Tenoriffo; the emptire geysers of Iwland; mineral veins of 
eruptive rocks or metallio deposits, or the oharaoteristios of 
glaciers and glacial action. 

Tiic jialceontologist may show the extinct forms of animal or 
vegetable life that mark the boundary Uno of great epochs in 
the world's early history; the weird skeletons of mighty ani¬ 
mals, toad-like creatures as big as rhinooeri, reptiles larger tbau 
whales, birds as long-neoked as giraffes, etags of gigantio size, 
and el^bants as great as Behemoth, with the probable aspect 
of such creatures in tbeir living state, as restored from tbeir 
fragmentary romaina (not by fancifnl or hap-hazard guess¬ 
work, but by sound inductive reasoning founded on anatomical 
knowledge) by Cuvier, Owen, Watorhouse Hawkins; or even 
entire resuscitated laudsoapes, including both plants and 
animals, as Unger of Vienna has so artistioilly reproduced in his 
“ Ideal Views of the Primitive World."* 

The art professor may avail himself of those aids to ednoa- 
tion for zeprodnoing faithful transoripts of celebrated works of 
tbe great masters in all ages, and etereoscopio images of the 
gems of scnlpturod art where it would be impossiUo to deal 
with the original, even if ooat or space permitted, and enable 
him to point out the peculiarities of stylo that chaiaoteriae the 
various schools of ancient and modern art. 

The engineer may throw upon a ten-foot disc embodimontR of 
great triumphs in meohanioal skill that in their reality cover 
miles of ground—whether they be the aqueducts of ancient 
nations, or sneh bridges as in recent days span the Menai 
Straits or American vaUeys—and the details of constmetion 
of engines and machines of peace or war. 

School Teaching. —^As yet I have only spoken of the applioa- 
tioa of photography and the lantern to scientific and artistic 
demonstration; but in high-pressure days like the prosoift, when 
the student has enough to do to make himself familiar with oil 
the subjects he is expected to be more than superficially ac¬ 
quainted with, I believe anoh legitimate aids to education would 
be found admirably adapted for facilitating the adholar’a labour, 
eapeoially in regard to history and geography; for what is 
more likely to make a lasting impression on the schoolboy’s 
mind, than placing before him accurate piotures of the subject 
of his stupes, on suoh a scale as to become impressive while 
appealing to the eye, and so to serve as an artifloul memory, 
giving tije next best thing to the stndeuts having seen the 
subject of their studies in thoir reality, a matter usually 
impossible, unless we really poesesBed the power of rendering 
them elairvoyawt, and ooidd then take them book into time, 
or a tonr round the world. I am firmly oonvinood that sohool- 
maaters would save time and toaoh better wore they to make 
geography and history eubjeots for evening lectures, illaatrated 
by ^e lantern. 

Bistory. —^He would be a bold man, however, who would 
venture to enggoat to an Oxford or Cambridge don the intro- 
duotlon of a magic lantern for illnstratisg the university course 
on history. But why not f “ Because it has not been done 
hitherto,’’ is not a soffioient answer in these days of rapid pro¬ 
gress and wide reform; for by a well-seleoted and carefully-exe¬ 
cuted series of photographs from authentio data, we may make 
the student familiar wi& the features of those who have been 
osUbrated for good at for evil in politics, war, Uteratnre, science 
and art—-the aspect of the people of varioiu nations, their 
oostumes, their habitations, from the mnd hovd to the stately 
palace { the chambers in which they lived, prayed, or died; the 
vases tad artistic deocrations wi^ which ihqy decked them; 
the gods they wcrsbfpped, carved out of the living rook, oast 
in bronze, or built up in ivory and goM, and at prodigious size; 
tbefr majinsn} and oustoms, ib^r implements of. daily life; 

* f Idas} Views el the Vriatittve WwM la its Oeologicid sad 
Fstoontoieglosl Bbsasi." 9f TUg V. Unget. Sditsd by fiuasl 
HigUey, V.O.S., etc. 


how they lived daring peace and at war, their arms and 
armour, and modee of attack upon an enemy; in what grandeur 
they carried their illustriona dead to tbe grave, preserved or 
dispersed their remains, and recorded their aohievaments in 
monnmentol ecnlptures—in fact, the Ufa-histoiy of nations from 
the earliest records to the present day. 

In placing each surveys of man"a history on earth, in the 
form of existing scenes, we appeal to the eye in a manner thq 
most impressive verbal or printed description, solely, oonld never 
convey to the mind, and so establish a more rapid method of in- 
etruotioD, of a kind not so likely to pass out of the student's 
head after he has left sohool or uollege. 

But the thin edge of the wedge has been inserted—^not only 
in tbe sohools but the colleges of Bussia. In 1863, after the 
close of the International Exhibition, I read a paper before the 
Society of Arts on “ The Application of Photography to the 
Magio Iiontorn Eduoationally Cousiderod,” on which occasion 
every conceivable branch of education was Ulustrated acoord- 
ing to the system advocated. That paper attracted the atten¬ 
tion of a young officer in the Bussian artilleryt who has since 
become, not oiily a distinguished professor, but inBi)eotor of the 
military coUoges of Bussia; and vrith the courage of youth ho 
determined to ado]>t the system tbetohi advocated for hie own 
lectures on general history, and sought my oo-operation to that 
end j BO in 1869,1 found my notions of 1862 un fail accompli — 
the groat authorities on Assyrian, Persian, Egyptian, Gtrecian, 
Eoman, and modiaoval history being ransacked to supply tho 
neoesstvry data for drawings or colour, and the results were 
exhibited at tho Society of Arts in 1869.* 

Geography may bo illustrated by maps showing the politioal 
boundaries the power of nations has set up, or tho natural 
divisions climate and other physical causes has stamped upon 
OUT globe; portraits of the types of men who inhabit its varions 
regions; tbe vortical range of animals and plants from tho 
greatest mountain hoighta to the lowest bathymetrical depths 
of the ocean, or thoir horizontal distribution over tho face of 
the earth, and their limite in latitude and longitude; the 
physical phenomena that charaoteriso its sevoral regions, snob 
as monsoons, hurricanes, water-spouts, mirages, snow-storms, 
glaciers, ice-fields, avalanches, and land-slips, thunder-storms, 
volcanoes, geysers, whirlpools, mountain torrents, caverns, coral 
reefs, etolaotitio formations, and bosaltio islands; tho phy¬ 
siognomy of mountain peaks in relation to thoir mineral const!- 
tntion and other physiaal features of the earth’s surface; the 
bnildings that characterise different naiione, from the snow-hnt 
of the Equimaux to the European palace, or those of peoples 
who have passed from tbe face of the earth, whether it be the 
pyramid the Egyptian, the palace of the Aesyrian, or the 
tomple of the Aztec; the g;oneral aspect and characteristics of 
the great cities of tiie world, their engineering feats and art 
treasures; in foot, all such matters as educated people desire to 
be familiar with, and that give interest and vitality to geogra¬ 
phical studies whioh the dry details and ever varying statistics 
of the old methods of instmotion never imparted. 

Descending to the artistic requirements of unsoholastio life, 
what can be more delightful than to bring book remiiusoencDS 
of travel, t^en from ont own points of view by means of the 
miniature cameras at last coming into vogue (oamerae that are 
no longer a burden to the tourist); and on one’s retnm from a 
summer trip, placing before family and friends enlqrged tran¬ 
scripts, depicted by Old Sol, of ibo soenee that have given us 
health and pleasure. We con dwell no longer at presenlf on 
subjects to whioh the art of photography may be usefully* 
applied as a means of teaching in conjunotion with the magpie 
Intern, but we shall resume tbe subjeot in onr next paper. 


SEATS OF INDUSTRY.—XIV. 

LEEDS. 

BT WILUAK WATT WBBBTBB. 

i^AxTBOtroH Leeds is the chief centre of the flax-spinning and 
I'linan.maanfaotnres of England the staple indnstiy of the town 
I ia the manufsetnee of ifpdlen olotiis, for whioh it has long been 
famona. Leads, varionaly spelled in old records, “Loidis. 

.* " Oa Photognphy sad tbs Kaglo Lant era apglisfi tn TMoUing 
Histoiy." (Spciety cf Arts JonnuA, ‘^oh XVII., page 139.) 
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LedM, etc., is mentioned by Bede, the ccolosiastical bistorian, Tolumes, ono of tho most fioarishing schools of art in the 
and in the Domesday Surrey; and soon after the Conquest a kingdom, capital day and evening schools, and a Working 
oasUe was built by Albert de Lacy on tho eminenoo now known Men’s Institute, with a largo number of members, which 
as Mol Hill, which was besieged by Stephen in 113d, and in fumishes newspapers and in-door and out-door games, and 
«fThioh Eicl^ II. was imprisoned in 1399, after bis deposition, supplies refreshmonts at cost price, for a weekly subscriptioa of 
Leland, writing early in the sixteenth century, describes Leeds one penny. 

as “ a pretty market town, subsisting chiefly by clothing, reason- In 1775 the population of Leeds only numbered 17,117. In 
ably well builded, and as largo as Bradford, but not so quick as 1861 it had increased to 207,165, in 1865 to 224,025, and 
it.” The cloth trade had been introduced at least sixty years at the census of 1871 it hod reached 259,201. This rapid 
before this date. In his “History of tho Great Eebollion,” growth corresponds strictly with tho progress of its muTnifaj. . 
Clarendon speaks of Leeds, Bradford, and Halifax as “ throe tnres, and is mainly to be attributed to the development of tho 
very populous and rich towns, depending wholly upon clothiers.” factory system. Leeds owes no small portion of its prosperity 
Before the outbreak of tho Civil War, Leeds was incorpo- to the ontorpriso of two of its citizens, who wore largely instru- 
rated as a municipal borough, and in 1661, after tho Eestora- mental in introducing improved machinery and processes at 
tion of Charles 11. it received a charter, which was renewed by a comparatively early period into tho two principal mannfac- 
James n. in 1684. For centuries previous to and after tho tures of tho town. Those were Benjamin Gott, “ the foremost 
manufacture of cloth was commenced ot Leeds, fairs wore hold woollen manufacturer of Leeds, and tho man who helped most 
there, at which tho farmers of Inncashire and Yorkshire sold to form the charaotur of the improved woollen trade of modem 
their wools and sheepskins to merchants from Hull and other times,” und John Marshall, tho most celebrated flni-spinner of 
ports, for shipment to Flanders, where they were worked up; a Leeds, and tho founder of a family which still maintoiiis the 
large portion of the wool finding its way beck, in the shape of | pre-eminence ho gained. Both were of humble origin. Gott 
cloth, to the locality in which it had been grown. | was bom in 1762, and began work as a humble dork in a small 

Leeds is situated in tho north-west of the West Biding of j factory, but was shortly made a partner, and crvontnally suo- 
Yorkshire, in the middle of a fertile district abounding in coal, ■ ceoded to tho ontiro mauagemoni cf the Cbtablishment. In tho 
and poBBesses great natural os well as artificial facilities tor | “ Komance of Trade ” it is stated that at tho time of Gott’a 
trade. By means of tho river Aire and the Colder Navigation, ' death, in 1840, “about 1,100 workpeople, aided by tho most 
ships of 120 tons burden can come up to tho town from tho | improved machinery, woro employed in dyeing, si>inning, 
Humber and tho German Ocean, wliile the Leeds and Liverpool I wearing, fulling, and dressing cloth made of tho best Saxony 
Canal connects it with the Mersey, and railways branch out in i wool ” in his factory, which was a model of wise and successful 
all diroctions—to York, Hull, Mancbc.ster, Liverpool, Slupton, ' mauagemont. “ One of Gott's chief merits,” says tho author of 
Lancaster, and two, by Derby and Lincoln, to London. Tiic this work, “ was the scmpulous regard always shown by him 
town is mostly built of brick, and the streets are, for the most for tho men in bis employ, and tho class to which they belonged, 
part, narrow and irregular; but great improvements Lave been | Beginning his euterpiisejuat when the old ways of privato work 
effeoted of lato years, and in tho centre and west end of tho i were being in groat part Buporseded by factory labour, bo strove 
town there are- now several broad thoroughfares, lined with i liard to perpetuate tho spirit of manly independence w-hioh had 
handsome houses. On the south side of the Aire lie tlie ox -1 boeu boguttoii by the older institutions; and from first to last 
tensive suburbs of Holbock and Hunslet, which contain many i ho encourogoJ tho privato workers to bring him their wares, 
large factories. Tho principal public building in Leeds is tho | and use him as their agent in disposing of them.” 
new Town Hall, an elegant Corinthian structure, which was i John Marshall, born ia 1765, was a shop-boy at the time 
opened by Her Majesty in 1858, and which ia ndornod with when ho began to devise iinprovenionts in spinning machinery, 
Boveml fine 8tatno.s. Tlio Mixed Cloth Hall, built in 1758, and and ho was only twenty-three years of ago when he started a 
tho White Cloth Hall, for tho sale of undyed goods, erected in small mill at Meanwood, near Leeds, with mnney supplied by 
1775, ore plain if not ugly ediiicoa, but they possess a certain two partners. It was in 1787, tho year l.el't're this mill was 
interest as monuments of a bygone system of trading. Previous built, that John Kendrew and Thomas Portlionso invented flax- 
to tho opouing of tlioso halls tho traders were in tho habit of spinning machinery, at Darlington ; luid sexm after this similar 
exposing their goods for sale on the parapets of tho long wide machinery was intnxlunod and used at Leeds. In 1791 Mr. 
bridge that spanned tho Aire, and in an adjoining street, called Marshall removed to Leeds, and built a modof-t flax-spinning 
the Briggate. The regulations under which tho Mixed Cloth factory at Water Lane, which was enormously exLetided during 
Hall was managed were very curloiis. This mart wiis built at tiio half century that intervened before his death in 1845, and 
the expense of the merchants and manufacturers, and tho stands tlio foundation of the linen trade of tho town was laid. By 
wore held as freehold property. No person who had not served 1821 there wore nineteen flax-mills in and near Leeds, wif-h an 
a regular apprenticeship to tho mystery of making coloured aggi-egato of 700 horse-power, ocnlainiiig 36,000 spindles, and 
cloths was allowed the use of the hall, which was only oponod producing about 9,COO spindles cf yarn per diem, and fonr of 
for bnsiness for one hour and a half on Tuesdays and Saturdays, these mills belonged to Mr. Marshall, *' forming in extent, says 
“The market-bell,” says ono account, “rings at six o'clock in Mr. Warden, “a third of the whole, and etpialling Dundee 
file morning in summer, and at seven in winter, when the entirely.” Little progress was made during 1 he next ten years, 
markets ore apoedily filled, the benches covered with cloth, and there being in 1831 but twenty-four feigiiios at work, represent* 
tlie proprietors speedily take their stands: tho boll ceasing, ing a total of 705 borsc-power. By 1838, however, tho number 
the buyers enter, and proceed with socrcoy, eilenco, and oxpe- cf engines had increa-sed to forty-four, and 6,480 persons woto 
dition to bargain for the cloth they may require, and business employed in tho Leeds linen trade. Twenty-one years later 
is thus dummarily transacted, often involving tho exchange of there were in Leeds thirty-.soven works devoted to the manu- 
PBoperty to a vast amount. "When the time for selling is termi- facturo of linen, with an aggregate steam-power equal to 1,831 
uated, tho boll again rings, and any merchant staying in the horses, containing 198,076 spindles and 140 power-looms, and 
hall *i^ter it has ceased beeomea liable tc a penalty.” The fre- employing 9,458 persons. „ , • 

^nenters of the White Hall wore subject to similar regulations. Tho fl.T..vmill3 of tho Messrs. Marshall are the largest in 
Sovernl of tho institutions and choritiee of Leeds deserve the world, and this firm turns out annually a greater number 
to be noticed, among which is the Free Grammar School, of siiindlos of yam and a greater vnlne of yarn and cloth than 

founded in 1652, and rebuilt in 1860, ot a cost of A'15,000. any other engaged in tho trade. Their principal totory is 

This iastitntion furnishes free instruction in classics and tho unrivalled alike for extent and completeness. “It is soys 
dements of mathematios to the sons of all residents in Leeds, Mr. Warden, “ 132 yards long, 72 yards wide, and foe 
and four eoholarships in Magdalen College, Cambridge, and an high. Tho roof consists of 72 brick arches, supported on as 
exMMtinT , in Queen’s College, Oxford, are open to the oompeti- many iron irillars, and seonred together by strong iron-work, 
tion of its pupils* Thera is a somewhat peculiar charity in The brick roof has a thick coating of composition, to pre^nt 
Leeds, known as St. John’s Charity, and founded in 1705, which the water from coming through, and it is covered with earth, 
has f(tt its object the training of gkls for domestic service, from .whidh has sprang up a beautiful green s^d, gtaas 

Eesidn abdnfc a dozen smaller institntionB for promoting popu- domes in the roof are each of thorn 48 feet round, 11 feet 6 
' U* edWation. Leeds possesses a Meohanios’ Institirte. in eon- high, eontainiag 10 tons of glaas, in iron vnudow-framos. The 

neotton with which hen is a library of upwards of 19,000 total weight of the roof is 4f000 tons. There ore four etsam* 
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engines of 100 horse-powor, and two of 80 hone-power, and one 
engine of 7 hone-power which does nothing but blow hot or cold 
air into the room. The building covers more than two acres of 
ground, and it is snpposed that 80,000 persons might stand in 
the room. This hall is oconpied for spinning and weaving by 
I>owor, and the whole processes incidental to the trade, subso- 
gnont to pickling, ore performed in it, the fln.» g^>ing in in bundles 
and out in bales.” The goods made here, as in most of the 
linen footorios of Leeds, are generally of the best description, 
comprising damasks and the like. Large quantities of linen 
yam spun in Leeds are sent to Barnsley, to Ireland, and to 
Franco; and canvas and sacking, and other coarse and rough 
linen goods, aro also mode to some extent in the town and 
neighbourhood. 

The woollen mannfacturos of Leeds are ohiofly carried on in 
mills, but the factory system has not entirely eupplantod domes¬ 
tic manufacture. There ore a number of small masters who 
employ a few journeymen, besidee the members of their own 
family, and keep from two to four looms at work in their houses. 
Public mills, on the joint-stock principle, have boon erected, 
which enable the small maatom to compete, both as regards 
ptioo and quality, with the largo manufacturers. At one time 
the small weavers put the wool through all the prooesses till it 
was made into undressed cloth in their houses, but they now 
generally restrict Idieir operations to weaving. In the “ Philo¬ 
sophy of Manufactures,” Mr. Ure states that the woollen manu- 
faotnies of Leeds were carried on in 1858 in 128 factories, 
with an aggregate of 2,924 horse-power, and employing 10,193 
persons, whoso average weekly earnings amounted to lOs. fid. 
eaoh. In the larger mills all tho operations are performed, from 
the breaking of tho wool to the finishing of the cloth. Tho 
woollen fabrics manufactured in Leeds comprise broadcloths—' 
the host qnolity prodneed being now considered eqnal to tho 
West of l^gloud broadcloth—ladies’ cloths, koraeys, swan’s- 
downs, etc. 

The iron-works and machine shops of Leeds are very exten¬ 
sive, and in 1858 employed 10,909 persons, who during tho year 
received ^500,092 in wages. Thera wore at the same date 
about 3,000 ironstone and cool minors occupied in the district, 
and 900 persons wore at work in tho clay-pipe and brick fields. 
Tho most important of the minor industries of the town ore 
the silk manufactory, which in 1858 gave occupation to 550 
operatives; the manTifooture of leather, which then employed 
2,000 persona j tho chemical works, the earthenware works, 
and tho glass-works, which employ together upwards of 1,600 
persons. 

PRINCIPLES OF DESIGN.—XVIII. 

BT CHKISTOrHKR DRESSER, BU.D., F.L.S., ETC. 

CABF£T8 (contmited). 

In my last chapter I drew attention to tlio principle on which 
all carpet patterns should bo constmeted ns distinctive from 
wall patterns, and in order to impress the necessity of giving a 
radiating basis to the ornaments placed upon carpets, and not 
a bikitoral struoturo, I made reference to tho principle of plant 
growth, where wo notice that aU plants when viewed as floor 
ornaments, when viewed from above, are of a radiating oharoc- 
tor; whereas if they are seen os wall or vertical ornaments, they 
ore either radiating or bilateral; this is a necessity of a carpet 
pattern, that it have a radiating steictnre, or, in other wo^s, 
that it point in more than two directions. 

Man naturally anemstomed to tread on grass when brought 
into a state of eiviliaation, seeks some covering for his floor 
which shaU^ bo softer to the tread and richer in colour than 
stone or brick. And in our northern climate ho socks also 
warmth; hence bo ohoosos not a mere matting, or lattice of 
reeds, but a oovoring such as shall satisfy these requirements. 

In early times our floors appear to have been strewn with 
eand^^—a onstom still lingering in some country districts ; then 
came the habit of strewing reeds over the floor, and, on tho 
part of the opulent, sweet scented reeds (Aeorug ealamug). 
And it is onrious tq notioe, in connection with this subject, that 
one of tho charges brought by Henry TUI. tqpunst Cardinal 
Wolsey was that of extravaganoe in tho use of sweet reeds. 
This use of reeds was moeeeded by the omploymebt of mats of 
ample appearance, formed of a |md of grass, and these by the 


introdnotion of wool mats, whioh, at first, were chiefly im¬ 
ported, but afterwards manufaotnred in our own oountry. The 
wool mats were in their turn replaced by carpets, which gradu¬ 
ally increased in size till their proportions beoame such as to 
cover the entire floor on whioh they were placed. 

This brief history brings ns to notioe what is required of a 
carpet: thus, it should be soft in texture, rich in appearance, 
and of “ bloomy ” effect. 

We may add to these requirements by saying that a oarpot 
should also be a suitable background to all works of furniture 
or other objects placed upon it, and that in character it should 
accord with the objects with whioh it is associated in any 
particular apartment. 

Considering more folly these requirements, we notice that a 
carpet should be soft. This is very desirable, for softness 
gives a sense of comfort, and with softness is generally oom- 
bined durability; but softness can scarcely be regarded as on 
art-quality. Yet os tho art whioh on object bears is more 
leniently viewed when tho fitness of the object to the purpose 
for which it is intended is apparent, we may safely regard soft¬ 
ness as a very desirable quality of a carpet. 

The Eastorii carpets aro pre-eminent in this quality of soft¬ 
ness, and of English-made carpets ” Brussels ” and tapestry 
are the least satisfactoiy in this way as usually mode, they 
having a hard “ backing.” A kind of Brussels carpeting with 
a soft bock has recently been brought out, but at present it is 
not general in the trade. If tho carpet employed in any apart¬ 
ment as a floor covering is harsh in character, it is desirable to 
place soft felt under it (felt for this purpose can be got at 
I carpet warehouses), or evenly spread soft hay, for by so doing 
tho wear of the faMo will be greatly increased, and the pleasure 
of walking on it will also be correspondingly greater. 

The next quality of a carpet is richness. No carpet is satis¬ 
factory which is “ washy ” or faded in appearance. There 
must be “ depth ” of effect, a “fulness ” of art quality. Hang¬ 
ings may be delicate, wall-decorations soft in tint, but a carpet 
must be rich and “ full" in effect. 

But this richness must be of singular character, for the most 
desirable effect which a carpet can present is that of a glowing 
neutral bloom. 

I hope that my language does not appear mystical to the 
general reader or young student. To tho omamentist I 
think it will be intelligible. What I wish to say is that tho 
effect should be glowing, or radiant, or bright, as opposed to 
dull, quiet, or heavy; that it should bo such as results from 
the use of a prodomiuanco of bright and warm colours, rather 
than of cold and neutral hues; that it should be neutral, 
inasmuoh as it should not present largo masses of positive 
colour, but shcnld have an equality of rich harmonious colours 
throughout; that it should be “ bloomy,” or have the effect 
of a garden full of flowers, or better, of the slope of a Swiss 
alp, where the flowers combine to form ono vast barmonious 
“ glow ” of colour. This is the effect which a carpet should 
present, yet it should never present flowers, imitatively ren¬ 
dered, as its ornamentation. Such imitative renderings are 
not to be produced by tho omamentist; they mnst come frdhi 
the pictorLol artist, for they arc picturoa They cannot form 
suitable backgrounds to furniture and living objects, for they 
are positive, and not neutral, in their general effect. A picture, 
also, will not bear repetition: whoever heard of one person 
having two copies of the same picture in one room F Yet a 
pictorial group of flowers may be seen repeated many time.s 
over a floor, whioh is very objectionable. The effect to* be ^ 
produced is that of a rich ‘‘colour bloom;” but the Skilled 
omamentist will oohieve this without violating any laws «f 
fitness, and will gently and delicately hint at the bwuty of a 
profusion of blossom through his tenderly-formed pattern. 

Yet a carpet must bo neutral in its general effect, as it is tho 
background on whioh objects rest. Neutrality of effoot is of 
two kinds, liorgo massoB of tertioiy or neutral colours will 
achieve its production, so also will the juxtaposition of the 
primary colours in sm^l quantities, either alone, or with the 
secondary colour's, and bla^ or white; but there will be this 
difference between the two effects—^that prodneed by low-toned 
colours will be simply^ neutral, while that produced by the 
primary coIouts will bo ‘‘ bloomy ” as well as neutral, >f 
yellows and reds slightly predominate in the intermingUW ^ 
ooloars, the effect wOl be glowing or radiant. 
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The radiant, or g'lomug, bloomy nontrality of effect is that 
which it is most deeirablo that a carpet should present. 

This effect ie rarely prodnoed in EngUah carpets, owing 
either to the want of skill on the part of the omamontist, who 
is unable to produee such works ; the want of judgment on the 
part of the manufacturer, whereby he foOs to produce such 
patterns; or the want of taste on the part of the consumer, 
owing to which he buys works of a more vulgar character. I 
have designed six carpets for Messrs. Crossley and Sons of 
Halifax, which are shown in the International Exhibition now 
open at South Kensington, in which 1 have sought to realise as 
much of this effect as I could with six colours—the number to 
which I was limited by the conditions of manufacture; and 
fortunately these appear to be commanding a large sale, and to 
be setting a fashion in carpets; bat tlioso who wish to study 
these bloomy effects in their more perfect forms, must do so in 
the oarpets of India, Persia, Smyrna, and Morocco, but c.spe- 
oioUy in the Indian rugs. 

Some of ^o corpets from India are perfect marvels of colour, 
harmony, and of radiant bloom. They appear to glow as a bed 
of flowers in the sunshine, and yet they are neutral in their 
general effect, and when placed in an <ii>arimcut do not usurp 
a primary place, as does any pintoriaUy-treatod pattern. 

This “ bloom ” was seen to perfection in one or two silk rugs 
which were shown at tho International Exhibition of 1862 in 
London, and it was not much less apparent in some of tho 
oarpets from India shown in the Paris Exhibition of 1SC7, the 
most lovely of which was purchased by John Lewis, Esq., now a 
partner in tho firm of Messrs. CruMsloy and Sons. Most Indian 
carpets have this colour-bloom to some extent, and few arc 
unworthy of ooruful study. 

Persian oarpets (IHg. C4) are also models of what carpets 
should be; they are loss r.-vdiant than many of tho Indian works, 
but are almost more mingled in coloiur-effect. In pattern, many 
of the Indian and Persian carpets aro identical, being tradi¬ 
tional, yet in colour they diffor, and both are worthy of the 
most ooi'eful oonsidoratiou. 

The Moroooo carpets (Eig. GS) differ agaui from both those of 
India and Persia, and even to a greater degree than the Persian 
carpets differ from tho Indian. In those there is. often a pro- 
valonoo of soft yellows and juicy yellow-greens,_intenninglod 
with rods, blues, and grey-whites, in such a manner as to pro¬ 
duce a most harmonious and artistic cficct. To the young 
student, and to any who may desire to eultivato his taste in 
respect to snoh matters, I say. Study tho carpets of tho £.ast 
most carefully, esiiocially those of India, Persia, and Morocco. 


BIOGRAPHICAL SKETCHES OP EMINENT 
INVENTORS AND MANUFACTURERS, 

XV.-BENJAMIN HUNTSMAN. 

B; JAMES UKANT. 

In a work like The Technical Educatob, the inventor of 
cost steel could soaroely be omitted. Benjamin Huntsman, 
prior to whose time most of the stool need in England and 
Sootlond came from Qermany, Flanders, or Sweden, was bom 
to ^oolnshire to the year 1704. Being of a clever and in- 
gomoua turn ho was bred to mechanics, and, as a lad, became 
ohiefly famous os a repairer of clocks; thus eventually he opened 
a shop in Donoaster, where he was iloemod the principal maker 
and mender of clocks in West Yorkshire. “Ho also undertook 
various other kinds of metal work,” to quote Mr. Smiles, 
^‘snoh 08 the making and repairing of looks, smoke-jocks, 
roasting-jaeks, and other artioles requiring meohnnical skill. 
He was remarkably shrewd, observant, ihoughtfnl, and prao- 
tioal—so muoh so, that ho came to be regarded as tho * wise 
man' of Ida xmighbourhood, and woe not only consulted as to 
the repain of maohineiy, but also of the human frame. He 
ptMtiaed ■argny with dexterity, though after an empirical 
fashion, and me held in eepecisd esteem as an oetdist.” 

It would nem ;tliat, for his medioal advice, he never took 
fees in rettm. Yorkshhe, there are still in ezistenoe 

several of tile docks that were made by Benjamin Huntsman, 
and one of these pos s essed by his descendants has a pendulum 
of pure oast steel. In tho porsnit of his mnltifarions meohanioal 
«eUings, this ingenious mu, i|ar«|^ several now or high^- 


improved tools; but the inferior quality of the common German 
steel with which ho wrought, ho considered a eerions obstruo- 
tion, and he was thus induced to consider the means of pro¬ 
ducing a better and purer material than that which came from 
the Continent. At Donoaster he had oommenoed, in a small 
way, his first experiments, as the steel pendulum referred to 
serves to show; but in the year 1740 he removed to the 
vioinity of Sheffield, as he had a difficulty in procuring a suffi¬ 
cient supply of fuel for smelting purposes in the former town. 

At the Uttle village of Handsworth, a few miles south of 
Sheffield, he now began to pnrsno secretly his experiments, of 
which no memoranda or record have been preserved, neither are 
there any of his modes of investigation. Bat the progress of 
the work must have coat him muoh care, thought, and con- 
sidoration, os ho was totally without those appliances which 
were requisite, and whioh have been tho gradual development 
of later times. Not only had Huntsman to discover the fuel 
and flux proper for his purpose, but he had to construct a 
fumooe, and make a oruoiblo such “ as should sustain a heat 
more intense than any then known in metallurgy,” in England 
at least. All those requisites whioh are now iamiliar to the 
proewB of smelting—hoops, wedges, and ingot-moulds—^wero as 
yet in the womb of tho future. 

Many years would seem to have been passed in nnsncoessful 
experiments, before bo obtained tho purity of metal he coveted; 
and, curiously enough, he would appear to have hidden, by 
burying in the earth, many hundred-weights of steel in the 
manufacture of which he hod foUod from various causes, such 
os bud fluxes, imperfect melting, tho bursting of crucibles, and 
other casualties ; for long after ho hud passed away, these 
relics of his iniraerous failures were dug up from time to time 
in tlio vicinity of Handsworth. Cost steel is iron in its very 
highest state of perfection—^the iron being united to carbon 
with a small portion of oxygen while in on elastic state; but 
tho coareo emde or pig-iron consists of tho metal combined 
witli carbon in a material state. Tho groat merits of cast steel 
are its fineness of grain, its porfeot cohesion, durability, and 
o.apaoity to receivo a keen edge, and hence its value in the 
manufacture of aU manner of tools, and all tho implements of 
peace and war. 

Tho perseverance of Huntsman was rewarded at last, and his 
great invention, one of the highest rank, and one which greatly 
contributed to forward the industrial and commercial suproKiocy 
of the British Isles, was completely perfected. 

The process of making cast siMl, an invented by Benjamin 
Huntsman, may bo thus summarily described:—The meltog is 
conducted to clay pots or crucibles, manufactured for the 
purpose, capable of holding about thirty-four pounds each. Ton 
or twelve of such crucibles are placed in a melting-furnace, 
similar to tliat used by brass-founders ; and when the furnace 
and pots are at a white boat, to which tlicy aro raised by a 
coke fire, thoy are charged with bar-stool, reduced to a oertoin 
degree of hardness, and broken into pieces of about one pound 
each. When the puts aro all thus charged with steel, lids aro 
placed ever them, tho furnace is filled with coke, and the cove; 
put down. Under the intense heat to whioh Hie metal is 
exposed, it nndergoc.s an apparent ebullition. When the furnace 
roqnires feeding, the workmen take the opportnnify of lifting 
the lid of each cniciblo, and judging bow far the prooess has 
advanoed. After about three hours’ exposure to the heat, the 
metal is reaily for turning. Tho oomplotion of the* melting 
prooess is known by the eubsidence of oil ebullition, and by tbo 
clear surfaoe of too molted metal, whioh is of a dazzling 
brilliancy like toe sun when looked at with the naked eye \ya. 
clear day. The pots ore then lifted out of their place, and the* 
liquid steel is ponred tote ingots of the shape and size required. 
The pots are roplooed, filled again, and toe prooess is repeated; 
toe red-hot pots tons serving for toreo Buocessivo oharges, after 
which they ore rejeoted as useless. 

More toon a oentnry has passed einoe the tondnable dis¬ 
covery made by Benjamin Huntsman; yet toe kind of fnel to 
which be 'resorted, ooke. and the fumacee and omoibles ho 
adopted for smelting—all the enggostioBS of hie own mind—are 
igeaHf eimilar to.thoee in me at^piesent Hm, uA no n»nn> 
faetnrer has, it iejuud, been able to anrpass toe qnatity of the 
eteel he produced. 

Finding now that the boasted metal <ri all otoer forogn 
markets had been enzpaBsad, Hontsman saw that oast atari 
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cottli be turned to other purposea than watch-springa and the glaaa, broken into fragmonta, was spread over the top, and the 
pendulums of oiooks. He offered his new metal to the cutlers whole covered with a closol^-httlng cover. The crucibles were 
of Sheffield for the manufacture of knives, tools, swords, etc.; then placed in a furnace previously prepared for them, and after 
but, one and all, they ignorantly and perversely docluiod to a lapse of from three to four hours, during which they were 
work with a metal so much harder and denser than any to examined from time to time to boo that the metal was thoroughly 
which they had been accustomed. Mortified and foiled at melted and incorporated, the workmen proceeded to lift the 
home. Huntsman had to turn his attention to foreign nuM-kets. orucible from its place on the furnace by moans of tongs, and 
and soon found that the demand^was bo great that he could ; its molten contents, blazing, sparkling, and spurting, were 
scaroely overtake the supply. This was chiefly in France, and poured into a mould of east iron previously prepared; here it 
thus, though for a time only, the merit of applying cast steel waa suffered to cool, while the crucibles were again filled and 
as now naedbelo^a to the French. They were bold enough to the process repeated. \Vl»on cool, the mould was unscrewed, 
claim the whole invention as being that of a native of France, and a bar of pure cast stool presented itself, only requiring the 
and such continued to be long tho jiopular fallacy, till M. T,o ; aid of the hammermen to form a finished bar of cast steel. How 
Play, Professor of Metallurgy in tlie Eoyal School of Minos in , the unauthorised spectator of those secret operations effected 
France, after making long and careful investigations, and , Ids escape without detection, trailition does not say; but it tells 
weighing all the evidence on the subject, arrived at tho con- ' ua that before many months had passed the Huntsman manu- 
cta8ion>that the invention fairly belongs to Huntsman and to no factory was not tho only one where cast steel was produced.” 
French subject. | Despite this unscrupulous opposition, tho demand for Honts- 

M. Le Play also showed, in his lioport to tho French Govern- 1 man’s stool increased steadily; and thus, for the purpose of 
ment, the systematic neglect which men of Huntsman’s class and , having a greater range for liia works and spccnlalions, in 1770 
inventive genius have too generally received in England, and : he removed to tho village named Attercliffe-witli-D.arnal, near 
the much greater esteem in w'hich they arc hold by scientific iSliefllcld, where he had built a largo and commodious foundry, 
foreigners. ; with fui-naoes and all requisite appliances. The Royal Society 

The Sheffield manniacturers soon saw the folly of which they , c)f London wished to elect him as a member, in oouseqaence of 
hod been guilty when Huntsman had fairly established hia the great merit attached to his invention of cast steel; but os 
business in Franoo, from whence liis steel obbuned a reputation this would have drawn him from tho sochision ho preferred, ho 
over all tho Continent, and ovou among tho sword-cutlers of declined the proffered honour; moreover ho believed that to 
Toledo ; and seeing the injury that would be done to their have such initials after his name as F.R.S. would be opposed to 
own trade if foreign goods were thus iin-fcrrcd by British as the i,riiiciplas of tho religious body of which ho was a zealous 
well as Continental consumers, they were arrogant an<l illiberal member—the Society of Friends. For six years he continued 
enough to send a deputation to Sir George Savile, M.P. for tho to flonrisli. “ making steel and practising benevolence,” till tho 
County of York, requesting him to use parlLauiciitary influenco year 177.'i, when ho dii'd nt tho age of soventy-two, and was 
to prohibit tho axporting of cast stool- Perceiving that they interred in the churchyard of Attoreliffe, where a grave-stone 
were inspired by self-iiiterest only, he curtly decliiicfl, and mean- with an inscriidlon records the facte of his birth, death, and the 
wliile Hniitsman hail pressing offer.s from certain hardwiiro brief liistory of his great invention. 

manufacturers in Birmingham to remove his business and his ■ 'J'liis grave was visited by M. Lo Play, tho learned Professor 
furnaces there, to which ho did not accede ; and as the cutlers of Metallurgy in tho Royal Sciiool of Mines in France, in his 
in Sheffield speedily found that if they would keep the Frcimh enthnsiasru and admiration for this humide mechanic, whoso 
oat of the market they must use the steel of Hnutrnian, his steady pcrsovcnLiicc had enabled him to ovcrcouio all thodiffi- 
trade multiplied rapidly at homo as well n.s aliro.id ' c’lltics ho experienced in perfecting his great invention and 

Innnmerable efforts wero made by the .Slieili'dil cutlers t > discovery. Tho Huntsman mark or. steel beoanio a trade-mark 
elicit from liira the secret he possossed, for lie had no p.atcnt , known throughout the civilised world. His name is well-nigh 
to protect him; and hence a kind of mystery acooinjianicd | forgotten in England now; but, a.s Sir Henry Englefiold says, 
the process of his smelting. All strangors wero sedulously “ were piiblio benefactors to bo allowed to pass away, like mote 
excluded from his worlis; the whtdo of the steel was mcltetl , howors of wood and drawers of water, without commemoration, 
there in tho night, and all hia men wero sworn to preserve genius and enterprise would bo deprived of their moat coveted 
perfect secrecy. Hence llic most absurd rumours soon became distinction.” 

current; among others, that his process involved tho infusion ■ While on tho subjeet of iron and steel, it may bo interesting 
of broken bottles. He usod only tho best bar steel, and it. ' to moiitlon that nowliore wero they more early prized than in 
came from Dunemora (thirty-five miles from Upsala in Swodei.), | tho East. Even in tho .'>7th chapter of tho Koran, Mohammed 
where iron mines have been constantly wrought since the j says that Ghid sent down with the apostles tho Scriptures, the 
fifteenth century, and the metal produced was osteeaied ns the ! baJanee, and trim ** wliorein is the mighty strength for war; ” 
best in Europe. After being brought from tho mines, it was ! and A1 Zamakhshari adds tho Arab tradition, that Adam is said 
smelted by charcoal in the forges of Ostorby, and prepared for | to have brought down with Mm from Paradise five things made 
exportation—the exportation of unsmolted ore being utterly | of iron—viz., an anvil, a pair of tongs, two hammers, a greater 
forbidden by tho Swedish government, then at least. Five and a lesser, and a needle! 

houta formed tho time requisite for Hmitsmau to convert the — .— 

Danemora metal into pnro cast steel. 


An envious rival and iron-foundor named Walker, who residod 
at Greenside, near Sheffield, is said to have been the first person 
who snoSeeded, by a pitiful deception, in copying and pirating 
the onproteoted secret of Huntam.an, Disguised a.=i a beggar, 
aud,feigning abject misery and distress, he appeared at the 
foundry-door late ono night, when tho snow-flakes wore falling 
fast, and the red glare of Huntsman’s furnaces shed a cheerful 
glow over all tho neighbourhood. Shivering with cold and 
■pporent hanger, ho moved tho workmen’s hearts to let him 
enter and warm himself in tho works; and ho was accurdiugly 
permitted to take up his quarters there for tho night, lest ho 
might perish if shelter were denied Mm. 

“Aoareful eorutiny,” writes tho author of “Useful Metals 
end their Alloys,” “would soon have discovered little real sleep 
in the drowsiness wMoh seemed to overt^e the tattered stranger; 
for he eagerly watched every movement of the workmen while 
they went t^ugh the operations of %ho newly-disoovered pro- 
oeea- He observed, fitat of all, that bars of blistered steel were 
broken into small pieces, two or three inches in length, and 
planed in oruoibles of fl^olay. When neaxfy full, a little green 
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DEAWING FOB STONEMASONS. 

THE AECH: VAEIOPS FOBMS OF ASCHE8 AND VAULTS. 

An arch in masonry is a part of a building suspended over a 
given 8p.aoe, supported only at tho extremities, and concave 
towards tho plan. Tlio general Mstory and principles of con¬ 
struction of arches have been given in “ Building Constructieu, ’ 
only such portions of what has there been said are repeated as 
are necessary for the further investigation of tho subject; and, 
for tho rest, the stndent is referred to the lessons alluded to. 

The supports of an arch are called the njirinif 

Tlie whole of tho under surface of tho arch opposite to tho 
plan is called the intradxis, and the upper side is termed tho 
exirados. 

The boundary line or linos of the intrados, or those common 
to the supports and the intrados, are called springing Vines of 
an arch. 

A lino extending from anjj pomt in the springing line on the 
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one esido of the sirch, to the Rprluging lino on the opposite side, 
is oaUod the clwrd or span of the arch. 

If a Torticiil plane ho supposed to bo contained by the si»an 
and tho introdos of tlie arch, it is called the scclion of 
holloiv at the arch. 

Tho vortical lino drawn ou tho section from tho middle of tho 
sx>anning line to tho intrados is called tho hciyhi of tho arch, 
ns also tho middle lino of tho arch, and the ]iart of tho arch at 
the upper extremity of this lino is called tho crou’ji of the arch. 

Tho oiirved parts on the top of the section between the crown 
and either extremity of tho spanning; lino arc called the haunches 
or flanks of tho arch. 

Arches are variously named, ancordinj' to the geometrical 
figure by means of which they are formed, as semi-circular, 
I'Uijtlicai, cycloidal, eaicnariati, parabolical, etc.: these, as well 
as the Iwrsesleoe, stilted, composite, and puinled, together with 
the method of constmntiug them, have been given in the lessons 
in “Building Construction.” 

When the extromitios of an arch rise from Hui<]>orts at un- 
C(iual heights, tho arch is called rampant. 

When the ui)per line or side of an arch is parallel to tho 
under lino dt side, it is called an e,rtra(lt)sseil or ronce.ntric 
arch (Fig. 3(13). 

When tho outer side of the curve is drawn from another 
centre, it is colled an eccentric oxtrados (Fig. 364). 

Tho term arch is frequently confounded with vault; but tho 
distinction we shall adopt here is based on the degree of depth, 
an arch being a struoturo of no very great dox>th from one side 
to tho other, whilst a vault may be unlimited. Tims we say 
“ an arch in a wall,” but “ a vaulted apartment or cellar,” so 
that a vault is on extended arch. Practically, every vault is an 
arch, but every arch is not a vault. 

A vault is cyliiiih-ic when its form is that of a cylinder, 
never greater than the half when tho axis is in tho same piano 
with tho springing of the arch. It is also termed haml or 
waijon-hcfulcd. 

A vault in/(iW centre is that which is formed of tho surface of 
a semi-cylinder. 

A vault is said to he simnouHicd, or sarhaasse, when it is 
formed by tho portion of any curve where the height is greater 
than half the span. 

A vault ia tenued sc,when tho height at tho crown is 
less than half tho width of the springing. 

A rampant vault is one the springing of which is not 
parallel to tho horizon, as in many staircases descending into 
collars. 

Co^Uc vaults are, as their jiaiiio implies, of tho form of acono. 
They may bo of tlirci- kinds, according to tho disposition of tho 
axis—viz., imrallol, perpendicular, or oblique to the horizon. 

Sphwical vaults are nsmilly callod domes. All domes are, 
however, not spherical, since they may spring from a polygonal, 
circular, or olliptio ]ilan, prosenting a convex surface on tho 
outside, and a concavity within, so that every horizontal soction 
may Im of a similar but dilTercut-sized figure, and have a eomniun 
vortical axis. 

The word dome is generally applied to tho external jiart, and 
cupola to tho inner port. 

It is bolicvod that tho terra is derived from the Latin word 
domus, a house. Tho Germans call it doni, and tho Italians 
if (to, 1 ) 0 , and ttiqily tho name to tho principal chnrch of a city, 
although tho building may not have any dome. 

An nnunfur vault is one of which tho plan is contained 
betwwn two concontrio circles; its generating section may 
either bo that of a pidnted arch or of a semicircle, or, indeed, 
of any other eurvo. 

A simple vault is ouo which is oonstrucled of tho surface of 
Boxno regular solid, areitnd one axis or contre. 

A coniptntniZ vault is one which is made up of more than one 
surface of the same solid or of two diSerent solids, such as 
would bo formed by tw, eylii,dcrs or spheres iicnetrating each 
other. * 

Cylindr^cylindric T.aults aro such as aro formed of tho 
Furfooes of two unequal cylinders. 

Groined vaults rise in their snrfaces to tho same height as 
two equal cylinders, or a cylinder with a eylindroid. Several of 
these orohee or vaults will form the subjects of future lessons. 

We now proceed to give the method of drawing the examples 
W Figs. 363, 364,365. 


Fig. 363 is tho elevation of a concentric semi-circular arch. 
The student is reminded that in this all tho joints inust be radii 
of the cirolo of which the arch is ono-holf, and that the separate 
stones of which the arch is built are callod voussoirs, the middle 
uno being the heyslone, and tho two lowest—that is, those 
resting immediately on the abutments or jiiers—being termed 
springers. 

Fig. 364.—This example shows a sectiou of a scmi-circolar 
vault with an eccentric extrados. This system is much more 
solid than that shown in Fig. 368, whilst the depth at tho crown 
is tho same. ' 

To draw tho eccentric arch, tho introdos a b c having been 
described, and the height of tho extrados having been fixed at 
i>, sot off from B two-thirds, three-fourths, or even the wholo 
length, A V —viz., to B—then, with radius b d, describe tho 
extrados F i> G. The divisions of the voussoirs must bo set off 
on tho intrados, tlie joints converging to the centre O. 

Fig. 365 shows tho manner of terminating the arch by hori¬ 
zontal and vortical linos. Those are drawn from the points 
where the radii cut the extrados. When it is desired that tho 
horizontal lines should coincide with the courses of stone, the 
'horizontal joints arc continued until they cut the radii; this is 
shown in the right side of the example. This mothod is not so 
j good as that shown on the left side, where the prossuru is 
j bornu uniformly by tho wholo joint; for it will be soon that an 
interior angle has to bo cut in tho under surface, into which an 
external angle cut in tho stouo beneath must fit; but if this 
angle is not cut with tho utmost accuracy, the construction 
would be compromised by tho transvorso cracking of the stones 
when under pressure. 

Fig. 366 is un arch formed by tho segment of a circle. This 
mothod is froquontly omployod in the construction of bridgos. 
It will bo seen that tho intrados having boon divided into 
tho required number of parts, tho joints for tlio voussoirs, 
which arc radii of tho arc, are carried up, and ai-o intersected 
in groups by tho horizontal courses of the stonework. 

Fig. 367 shows a semi-elliptical arch, tho curve of which may 
bo constructed in any of tbo various methods shoMUi in “ Prac¬ 
tical Geometry applied to Linear Brawing.” To find tho direc¬ 
tion of the joints, which must be perpendicular to tho curve, 
divide tbo intrados into tho roqnirod number of equal ports, 
and from tho foci r and F draw Hues to oucli i f those jioints, as 
shown at A; bisect the angle thus formed, tho bisecting line 
A 0 will bo one of the joints required. 

It will bo seen this is an illustration of a surboised vault, tho 
height at tho crown being less than half the width of the 
springing. 

Fig. 3(J8.—This is a ramxiaiit arch. To draw the intrados of 
this, tho height of the imposts A and n being given, draw the 
line A n joining tho imposts, and bisect it in c. At c draw a 
vortical line, and make c d equal to C b. iB'rom B draw a lino 
at right angles to A B, intersecting horizontal lines drawn at 
A and B in E and F, which will bo the centres required. 

Braw the arc b b irith the radius E B, and tho are d a with 
the radius f b. 

Divide tho intrados into the required number of equal paxt9, 
and the joints will bo radii of tho arc in which they arc con¬ 
tained. 

Vlattianils. —A platband is any flat square moulding whoao 
height much exceeds its iirojootoe. Such are the faces, or 
“ fascial,” of an architrave, and the jilatbands of the ipodillions 
of a cornice. 

Tho platband of a window or door is used for the lintel, 
whore that is made square or not much arched. These 'plat¬ 
bands aro ufliuUly crossed with bands of iron when they have • 
great bearing; liut it is much better to ease thorn by building 
discharging arches over them. The uses of both lintels and 
discharging arches have been explained in leesons in “ Building 
Construction.” 

Fig. 360.—The wholo platband of a window or door, which is 
simply a straight arch, must form a trapezium, A B C B, of 
whicli tho upper line, or oxtrados, b c is, of course, the longest 
side; and each of the stones should bo of the trapezium or 
wedgo-Iiko form, so that neither of them may slip between the 
others. . 

To aooomplisb this, divide the intrados a b into an uneven 
number of equal iiarts. Construct on A B the equilatei^ triangle 
(wMob form is usually adopted) A B o. Draw the Hue from o 
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throvsii ibe poiats in the intradon, ontting' the ortrados. Those 
liiieM win give the keystone and the voneaoire. 

i^g.870.—In this figure another method ie shown which mato- 
tially adds to the strength of the arch. To oonstmet this form, 
divide the intrados as before into on uneven number of equal 
parts; produce the sides of the piers beyond A and b, and draw 
the lino c i). From the points of division draw porpendioulars, 
aa K, and from d, k, etc., draw the ioints. It will bo obsorvod 
that the pressure is thus brought to bo as much as possible 
downward instead of outward, siuce the main bearing of the 
platband is on the horizontal top of the pier B F. 

Fig. 371 is another example for drawing a similar subject, in 
whieii incroosod strength is given by increasing the depth of 
the vousBoirs as they approach the keystone. The method of 
drawing this subject will bo understood from the previous 
examples. 


NOTABLE INVENTIONS AND INVENTORS. 

5VJI1.-THE DIVING-BELL (oonUiiW). 

ET .JOHN TIMBS. 

Db. HaiiiiET also invented on apxniratns by which a man might 
leave the diving-bell and walk about at the bottom of the sea, his 
bead being covered by a heavy leathern cap, like a small diving- 
bell, supplied with air by a fioxible tube extending from the 
luge bell. The diver was to coil this tube round his arm, 
and unwind it as he left the bell; and to use it os a cine to 
direct him to the bell in returning. The modem invention of 
water-proof india-rubber olotb water-tight tubes is well known. 
By these tubes, so long as the head-covering or helmet is above 
the level of the water, it will bo kept full of air; and in case of 
having to stoop below that level, as in getting out of or into 
the bell, the diver has only to close a valve, by which the air in 
the helmet is prevented from returning into the hrll. Ttje 
front of the helmet is glazed, and the diver was enabled to 
walk by means of a weighted girdle and weighted clogs. 
Aquatic armour supplied with air from above, or carrying a 
store in its cavities sniBoiont to last for the time the diver 
intends to remain submerged, has boon little used. As early 
08 1715, a diving apparatus, consisting of a case for enclosing 
tlie person, with the arms protruding in flexible sleeves, was 
oontrivod and used for many years by one John Lethbridge, of 
Newton Abbot, Devon. This apparatus was supplied with oir 
by flexible pipes. A similar machine, contrived by Mr. Eowe, 
in 1763, was lowered by tac.klo, like a diving-bell. At Nerwrton 
Bushel, Devon, an ingenious jierson oontrivod a largo strong 
leather water-tight cose, to hold half a hogshead of air, and 
adapted to the logs and arms, with a glass in front, so that the 
wearer could walk about easily at the bottom of the sea, 
examine a wrecked vessel, and deliver out the salvage. The 
inventors of this apparatus used it forty years, and thereby 
acquired a large foHune. 

Among the early projects for submarine navigation should bo 
mentioned DreboH’s vessel to bo rowed under water, which was 
tried in the Thames by order of James I., and carried twelve 
rowers besides passengers. It is described by the Hon. Robert 
Boyle, who states the chief secret to bo " the composition of a 
liquid that would speedily restore to the troubled air snoh a 
proportion of vital parts as would make it again for a good 
while fit for respiration.” But the composition of this liquid 
for enabling the same air to be used again and again was never 
umde public. 

B^op Wilkins, in 1648, devised an “ Ark for Submarine 
Navigation,” in which he states “all kinds of arts and mann- 
footuies may be exercised. The observations made by it may 
be both written and (if need wore) printed hero likewise; 
Bovmul colonies may thus inhabit it, having their children bom 
and bred up without the knowledge of land, who could not 
choose but be amazed with strange conceits upon the discovery 
of this upper world.” The bishop adds: “ I am not able to 
judge what other advantages there may bo suggested, or 
wfaotbor experiments would fully answer to these notional con¬ 
jectures." Di 1774 a projector named Day lost his life in an 
experiment to desoend in Plymouth Sound, with a vessel of 
about fifty tons burden, which he thought he could have caused 
to rise after a lapse of several hours. A long aooonnt of this 
failure waa pnbl^ed. The machine by BusbneU, of Conneo- 


tiont in 1771-5, for submarine navigation, was very sueoess- 
ful; his vessel was propbUod by sorews. Mr. Babbage long 
since laid down a plan of a vessel for submarine navigation, in 
which he proposed to use oxygen, condensed in store vessds, 
to roplonish the air, and to absorb the carbonic acid produced 
by respiration, either by cream of lime, or by a strong solution 
of ammonia. The principle of Poyerne’s diving-bell is the 
production of pure air fit for the respiration of man, and for 
supporting fiumo without communication with tho external air. 
Deane’s diving apparatus has been much used in submarine 
dosoonts for tho purpose of exploring various wrecks. In 1834, 
equipjied in his diving dress, Deane descended by tho ladder 
from the Mary, in seventy-two feet depth of water, to tho 
wreck of the Royal Oeorije, the condition of which ho repre¬ 
sented, and slung and sent nj) one of tho vossol's brass guns, 
a twenty-fmir pounder; by the same means six other of her 
grins were removed. Deane likewise attended Walker and 
Burgess, the engineers, and frequently descended to the 
foundations of old Blackfriors Bridge, and examined the work 
in progress. Heiiikc’s diving apparatus was employed in 
removing the foundations of old Westminster Bridge, for five 
years, without any accident. 

In tho year 1838 the diving-bell became the paramount 
attraction of tho Polytechnic Institution in Regent Street. It 
is Qonstructed of cast iron, weighs three tons, is five feet in 
height, and five feet four inches in diameter at the mouth. It 
is lighted by twelve openings, of thick plate-glass, secured by 
brass frames to tho bell. This is suspended by a massive chain 
to n largo swing crane, with }ioworful crab, the windlass of 
which is grooved spirally; ihe chuin passes over four times 
into n well beneath, and to it are suspended the compensatiou 
weights, which, by acting ni)on tho spiral shaft, accurately 
counterpoise tho boll at all depths. It is supplied by two 
powerful jmmps, of 8-inoh cylinder, with a.ir convoyed by 
leather huso lined with oaoutchone doth, and fitted inside with 
spiral wire. Nearly round the inside of tho boll extends tho seat; 
and on the side is affixed a knocker, under which is pointed- 
“ More air -. knock once. Loss air; knock twice. Pull np: 
knock three times.” Provision is made for adding weight to the 
hell; and outside six massive vt<rtica] stra.ps meet on the crown 
in a double ring, by which the l)cll is snspended from tho crane. 
The four or five divers (visitors) having taken their'seats, the 
air is pumped through the hoso screwed into the crown, the 
hell is moved over the tank of water by the crane, let down 
within two feet of the bottom, and then drawn up. Each 
person pays one shilling for tho descent, which has been known 
to yield the sum of Jil,000 in one yeai". Tho cost of the bell 
was about £400. 

Sir George Head, in his popular “Home Tour,” lias well 
described a pair of operative divers, whom ho saw in tho Hull 
docks. Sir George was passing as the workmen wore raising 
tho diving-bell, when, as tho beU was raised very slowly, be 
looked within it, by stooping, at the moment its side was above 
the gunwale of tho lighter. The pair of divers had been under 
water two hours. Tlioir sensations on going down (before % 
man was used to it) produced a feeling as if the ears were 
bursting; on the boll first dipping, they wore in the habit of 
holding thoir noses, at the same time of breathing as gently 
as xmssiblc, and thns they prevented any disagreeable effect. 
“ Had there been onything extraordinary to see below,” says 
Sir George, “ I should have asked xiermission to go dotm; but 
the water was by no means clear, and the muddy bottom of the 
docks was nut a sufficient rooomponso for the disagreeable sonaa- 
tion. Two men descend at a time, and four Xnimp the six Jnto^ 
the bell through the leathern hose; the bell is nearly a square, 
or rather, an oblong vessel of cast iron, with the two bull's-eye 
lights at the top, which lights ore fortified within by a lattice 
of strong iron wire, sufficient to resist on accidental blow of a 
crowbar or other casualty.” Sir George conoludes; “ Notwith¬ 
standing the great improvements mode in diving-bells since 
this invention, after all precautions, a Tn ay; jn a diving-bell is 
certainly in a state of av^nl dependence upon human aid; in 
case of the slightost accident to the air-pnmp, or even a single 
stitch of the leathern hoso giving way, long before the pon¬ 
derous vessel oould be yaised to the snifaoe, life must be 
extinct.” Nevertheleas, Sir George had previously remazhed, 
“ the servioe oannot be formidable, as the extra pay is only one 
shilling per day.” 
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MINING AND QUARRYING.—IX. I 

BT aSOBOE aiiAnSTONE, r.C.B. 

IBON. 

MODS OF SKBIiTTNO ORK—^THB FOEI.—THE FLUX—TESrrEBA- 
TtTRE OP THE FURNACE—DIFFERENT QUALITIES OP FIO- 
IROH—IRON FOUNDINO. j 

In the present paper we shall describe the method by which ! 
the smelting of ^e ore is carried on. j 

As a preliminary step the furnace Iulr first to be put into 
blast, a prooesB ocoupying npon the old plan a fortnight to three 
weeks, but now somewhat reduced. The building must in any 
case be heated up rery gradually, because a too sudden driving 
off of any moisture, and too rapid an expansion of the materials 
of which it is built, would weaken the whole edifice. The 
modem plan is to fill the hearth with wood, cover that with five 
or six tons of ooke, and then alternate layers of limestone, coke, 
and a little ore, until the furnace is about one-third full. The 
wood is then kindled, and thu fire gradually makes its way up¬ 
wards. As soon as it has extended through tho whole mass, 
more materials are thrown in, the quantity of ore being gradu¬ 
ally increased, until the furnace is full. When the whole is 
incandescent, tho blast is turned on gently for a day or two, and 
then to its full strength, when tho “ blowing in ” is completed. 

When regularly in blast, tho charge consists of three articles 
only—tho ore, tho fuel, and the fiux. No one rule can bo laid 
down as to the proportions in which tliey should bo used, 
beoaose this depends upon a variety of considerations, the most 
important of wlucli is naturally the per-oentago of metal con¬ 
tained in tho oro itself: one-eighth of flux, and three-eighths of 
fuel, to four-eighths of calcined ore may bo taken os approxi¬ 
mate proportions ; but how greatly these vary may bo illustrated 
by the fact that the red hoematitos scarcely need any flux at 
all. Tliere is, however, one mlo of uniform application ; that 
the fumaoe must bo kept full. The charge is tlirown in through 
the door in the chimney, or into the hopper of a closed furnace, 
on a level with tho gallery, relays of workmen being constantly 
employed in keeping up the supply botli by day and night. Tho 
fnmaco is tapped by driving a crowbar tbrongh tbo tap-hole 
below the dam-plato at the bottom of tbo hearth, so as to 
remove tli? sand, when tho molten iron runs out. Beforo tho 
tapping tho blast is stopped ; and as soon ns tho liquid iron has 
ceased to flow the tap-hole is closed witli some fresh sand, tho 
blast is turned on again, and tho smelting proceeds as before. 

Tho fuel is now almost always applied in tho form of coke. 
It is generally made on the spot, and for this purpose the coal 
employed should be as free as possible from sulphur, and should 
leave but 'little ash. The cokes made from tho bituminous 
coals of the north of England contain on on average about 
O'60 per cent, of sulphur, Bomo portion having already boon 
volatUised and driven off in the process of coking. In tbo 
neigfabonrhood of bwansoa ontluraoito coal is used in some works 
instead of coke. It has tho advantage of being ve^ free from 
sulphur, but it is ■ difficult to work with, as it will not bum 
SKoept at a very intense heat, often excc^ing even that of a 
blast-fntnace. Some of tho anthracites will indeed scarcely bum 
at all;' they decreintato and form a fine powder, which imllocts 
at the bottom and becomes a regular nnisanco by choking up 
tho furnace and impeding the draught. For these I’easons 
anthracite u,but little used in this country, though in tho 
United sU.te8 it is tho favourite coal for all such purposes, tho 
Aflaerican anthmeite burning far more freely. In England 
bitnqfilnous ooal is seldom used alone, though not nnfrequently 
% small portion of it is mixed with tho coke. In Scotland it is 
more common to smelt the black-band ironstones with the 
hard splint ooal in its natural condition. In some few furnaces, 
especially where the best red hwmatites are smelted without 
intermixture of any inferior ores, charcoal is still used ; a very 
superior iron is the result, which fetches a high i»rioe. 

limestone is almost universally employed as tho flux It 
seems to be providentially supplied for tlie purpose, tho Car- 
boniferona limestone which is associated with tho coal and iron 
be^ erf that series being very pure, and therefore suitable for 
the sm^tor. Tho three articles, tho ore, the fuel, and tho flux, 
are therrfore generally found in Natifre in juxtaposition; but 
tile'ironmaster is really still further favoured, for the same 
Bee^)gioal formation supplies also the millstone grit, which is 


the beat stone that can be found for building biast-fomaoes, 
and the fire-clay from which the fire-bricks ore made. The 
whole of the important articles required by the smelter, teth for 
tho fixed plant and the enrront work, may therefore be obtained 
upon -the spot. At Bndley, the Silurian limestones lie in imme- 
dkte con^t witli tho ooal and iron bearing strata; and the 
Silnrian hills being favourably situated for working, -Utey have 
supplied the flux for tho neighbouring furnaces from time im¬ 
memorial. Chalk, which is brought as ballast from tilo south 
of England, is often used to mix with other limestones in. the 
Cleveland and Barham districts. After evaporating to dry¬ 
ness, tho chalk and other limestones solootod for the pn^mse 
contain from 96 to 98 per cent, of earbonato of lime. 

In the best works all the three ingreilionts ore subjected to 
I analysis, to ascertain whether they contain any objeotioDable 
I clement, and to facilitate calculations as lo the best proportions 
in which ea<!h should ho used, so as to produce, without any 
waste of materials, those chemical reactions which are necessary 
to free tho inotallio iron. The heat of tho furnace drives off 'the 
carbonic acid from the lime, wliich then combiuos'with the silioa 
and other earthy ingrcdiorits contained in the ore, forming a 
liquid slag, while tlie metal itself, being of greater spocifio 
j gravity, finds its way down to the bottom of the furnace. The 
I workman is prineipayy guided by the appearance of tho slag 
1 wliich issues from the cinder notch, as 'to whether the fumaoe 
I is working satisfactorily; tho colour, vitrification, and trans- 
. parciicy of the slug when cooled being some indioation of the 
I ohaiacter of the iron which is being produced. Ho slight a 
; change of circumstances will affect the quality of tho metal, 
j tJiat pigs yielded by I ho same tapping will prove ■to bo of two, 

; and sometimes even of three, difforonl qualities. 

! It is impOBsiblo to ascortuin the. temperature to which the 
I interior of a blost-furniicu is raised, but as tho melting-point of 
I ordinary pig-iron is somewhere about 2.'>00“ Fahrenheit, it most 
1 at least approach very nearly ■to that figure. Tho heat of ■lie 
I gases wliich pass off by the chimney have boon roughly estii 
mated at about 1700° Fohr. immediately above tho top of ■the 
charge; and it is evident that the grca'tcet heat must be in the 
lower port of tlio furnace, because the npper portion is being 
constantly cooled by tho addition of fresh material. Not¬ 
withstanding the intense heat, a well-constructed blast-furnace 
■will remain in good workable condition for several years. 
Some parts, however, are apt to get out of order; and the 
twyers^, in particular, should bo well attended to, as a de¬ 
rangement of thorn may readily load to scrioas consequences. 
Cases of explosion have been known, when all tho molten 
metal has been blown out of tho hearth because tbo nozzlee 
of the twj'ors had become leaky, and tbo water supplied to 
keep them cool found its way into the furnace itself. Acddente 
similar in character liavo also arisen from the workman omitting 
to tap Uio furnace at tho proper time, and so allowing the 
metal to accumulate above tho level of the tivyers. 

Four qualities of pig-iron have been siiokeii of ; they are dis¬ 
tinguished oonimercialiy by consecutive numbers, bat are often 
spoken of ns dark grey, bright grey, nioitlfJ, and vMte. They 
are also separated by some in'to two classes. Joimdry and fvrga 
Ijigs; tho founders again subdividing the former according te 
a classification of thoir own. Nos. 1, 2, and 3 are foundry 
pigs, tho white being quite unsuitable for this porpoeo. As 
a rule the lower numbers aro the most valuable, white iron 
being indioativo rather of some derangement in the working of 
tho fnmaco. No. 1 generally comes off first when a fumaoe in 
good working order is tapped, and 'then No. 2, and sometimes 
even No. 3. It contains more carbon than tho lower numbers, 
which is advantageous in some of tbo subsequent processes for 
converting it into malleable iron. No. 2, the bright grey, is tho 
best for making castings. No. 3 is a mixture of grey and 
white iron ; tbo last. No. 4, is extremely hard, and at the some 
time very brittle. The presence of sulphur and phosphorus 
tend to produce tho objectionable qnalities of No. 4; at other 
times this iron is the result of somo derangement in the working 
of the furnace; there are, however, white irons of excellent 
quality which will take tho earlier numbers, sneh as that dho 
to the presence of manganese, which is highly pmed. 

Pig-iron always contains more or less oarbon in combination, 
which,may amount to as much as 5 percent., forming a oarbi^ 
of iron. This will have to be referred to more partionlaxly in 
describing tho paddling processes. There is generally, also. 
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BtUca present, which is ohjectionable on two grounds: first, that 
of Wei^ening the stronertli of the iron; second, of causing waste 
of material and additional labour in puddling. Iron made by 
cold Mast is comparatively free from this ingredient, the heat of 
tire furnace being less intense than when tiho hot blast is used. 
Manganese has already bean mentioned as being banoficial in 
its character; this is particularly the case when there is an 
ezoessivo quantity of phosphorus, as it causes the almost entire 
removal of the latter daring puddling. A highly manganiforous 
pig without phosphorus is paddled with difficulty; but when 
the latter is also present, the operation proceeds satisfaotorily 
without more than the usual waste. Phosphorus alone, oven 
when there is oxdy O'S per cent, in bar-iron, renders it cold short 
or brittle. Sulphur is still more objectionable, a mere traoo 
rendering the iron hot short or incapable of being worked at a 
rod heat under the hammer. As all coal contains some little 
of this ingredient, and it is only ijnrtially volatilised in coking, 
some small proportion of it is euro to find its way into the iron. 


off with. The model already made in wood or metal is pressed 
into thie, and then the other frame is placed upon it and filled 
in with sand after the some manner. On being lifted off again, 
and the model taken out, we have then the impression of the 
two sides of the model, one in either frame, and exactly corre- 
I sponding; wherever necessary the mould has to be trimmed up, 
i and it is then dusted over with a little finely powdered char- 
i coal. The moulder hoe then to make a channel through the 
sand for the admission of the molten iron, and also some exits 
for the air and gases, so that in no part of it shall the sir be 
shut in, or the iron will not be able to penetrate, and the casting 
would be imperfect. These perforations are made with wires ; 
in large castings and complicated patterns they have to be 
numerous, besides two or more openings for the admission of 
the iron, so that it may be poured in at each simultaneously. 

The frames being now prepared the upper one ie replaced, and 
the two are firmly fixed toge^er. The iron is then poured in, and 
when sufficiently cool, the upper frame is removed and the casting 
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got nd of; or else on additional 
quantity of limo is used in tho blost- 
fnmaoe for the purposo of taking up 
some of the sulphur. 

Foundry pigs have already been 
mentioned. Before passing to tho 
elaborate processes required to make 
iron malleable, it will be well to de- 
soribo the use to which pig-iron, as 
such, is put. The articles made are 
commonly called “ castings," and they 
are tho work of tho founder. Tho 
plan adopted in their manufacture is 
simply to re-melt just so much of tho 
pig-iron os may be wanted at the time, 
and' pour the liquid metal into the 
moulds prepared for it of tlio form 
required. The process, apparently 
very simple, requires, however, a con¬ 
siderable amount of nicety, and work¬ 
men of experience. 

A foundry consists of a large shed, 
with a deep bod of sand for its floor ; 
two or three cupola furnaoesof different 
dimensions for molting the iron, pro¬ 
vided with twyers and ablowingengine; 
travelling cranes for moving pots Of the 
molten iron to other parts of tho pre¬ 
mises ; and a largo oollootion of models 
and materials for making tho moulds. Wo will take tho lost 
of these first, so as to follow the order of the process. Tho 
moulds arc made of sand, a material being required to which 
tho iron os it cools will not adhere. Moulding sand has, how¬ 
ever, to be specially prepared in order to make it bind properly. 
It should be fine and even in quality, and should consist princi¬ 
pally of silica vrith the addition of a little alumina. Loam 
consists principally of alumina, with a little silica. It will, 
therefore, bo readily seen that by a mixture of pure sand with 
loam the relative proportions of these two ingredients can bo 
adjusted. It nan be still further improved, however, by mixing 
vrith it some ookc-dust ground fine. This constitutes moulding 
sand, and is tho artiolo of which the floor of the foundry ie made. 
The relative proportions of these ingredients is varied somewhat, 
according to the nature of the articles to be made; for some 
purposes the moulds are made altogether of loam, which hove 
to be osarefully dried in an oven before they are used. 

The m a king of the moulds, especially when the casting is to 
be either a complicated or an elegant one, requires much core 
and nicety, and often artistic skill. They are mode in frames 
without top or bottom, called “flasks;" these consist of sheets 
of iron firmly bolted together, the lower fmne having ears on 
its upper edge exactly corresponding with others on the lower 
edge of the upper frame, so that the two frames can be united 
with precision. The txamee are placed on the floor, and* some 
of the old sand of the floor is shovelled into one of them and 
nmmed down firm, a litflo fteeh esad being employed to finish 


Tho metal havmg slightly contracted, 
tho casting is generally removed 
without much injury to the mould, 
the latter being made somewhat 
larger than tho ironwork is in¬ 
tended to be, eo that when it has 
cooled down it shall bo of the exact 
dimensions required; for this pur¬ 
pose the scale of tho founder has to 
bo increased by an eighth of an inch 
in a foot. There are many artides 
of very largo oonsumption made of 
oast iron, such as water-pipes, wheels 
for machinery, some sorts of nails, 
railway chairs, eto., in making the 
moulds for which various mechanical 
appUanoes have been contrived for 
rednoing, and almost superseding, the 
manual labour; these appliances not 
only ensure groat uniformity in size 
and form, bnt effect at tho same time 
a considerable saving of expense. 

The iron is usu^y melted in a 
small cupola fumaoe of the form 
shown in Fig. 6. It is made of iron 
plates, lined with sand mixed with a 
little clay. While the melting is 
going forward, the spent A is stopped 
np with some moist clay; the charge 
is thrown in at the top, b ; and tho twyers for supplying 
the blast, which is generally driven by a fan, are inserted in 
wMobevor of tho openings c, c, c may be desired, the others 
being closed up with iron plates. As the quantity of iron to be 
melted varies with the size of tho casting to bo made, the 
twyers ore movable, as the nozzles must bo placed just above 
tho level of the molten iron. The fumaoe is lighted with some 
pieces of wood, and then filled up to the throat with coke, the 
spout being loft open during the warming. The latter is then 
closed, the blast is turned on, and some pig-iron b^ken in 
small pieces, together with bits of waste mettd from ptovious 
castings, are thrown in on tho top of the burning ooke; as the 
ohorgo sinks down more coke and iron is added until th* re¬ 
quire weight of motal is reaohed. When the fumaoe is tapped 
tho metal is reooived into an iron pot with a lip, whi^ is 
oarried either by hand or by a travelling orano to the mould, 
from which the iron is poured in. Tho floor of the foundry 
generally oontains some large pits, in which tho moulds for 
largo castings ore sunk, so as to avoid the inoonvenienoe of 
having to pour in the metsl at a considerablo elevation. 

During the melting there is some little loss of iron, as the 
metal will oombine with any earthy matter that the fuel may 
oontaan, forming a slag which floats on the Bnrfaoe; pig-iron 
which oontains sflioa '^JL however, be improved in qni^ty by 
tiie proooBB, of conrsa « tbo expense of quantity, we ^oa 
being then converted into a silioate of iron, which will also 
sepscate itself from the metal. 
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the sulphide of iron into a sodium salt which can be more easily and other roughnesses are trimmed up with chisels or files. 


B 







THE STEAM-ENGINE. 


THE STEAM-ENGINE—XI. 

By J. H. WioKEB. B.A. 

o^ctniTnaju:, xngines, postabli: and pixed—tuactiok- 

IMGINES—STEAK-BOBLEES—PUMPING ENGINES—STKAM- > 

HAKMEB—STEAM FIBE-ENGINES. I 

?KUB far WO hare inquired into tlio general prinoiplea on which ' 
he Bteam-engina ia based, ^and also explained the oonstrnction ^ 
nd aotion of the more common forma of stationary engines, and 
f those employed in propelling steam-ships. In the present 
laper we propose to explain the construction of those which are 
ommonly employed for agricultural or other special purposes ; 

.ud in our next and coucludiug paper wo shall treat of thj loco- i 
aotive and its oonstruotion. 

The eteam-engino has of late been very largely employed in 
aany agrioultural operations, as, for instance, in driving threshing i 
oachines, ahaff-cutters, and various other machines that arc in 
imost constant use on the farm. Be- 
ides this, the system of ploughing and 
lultivatiiig the land by means of steam 
)ower has boon rapidly spreading, os- 
)ooially on large estates. The result 
if all this has been that many nmkers 
lave directed their special attention to 
he manufacture of engines for those 
lurposea. The main requirements in 
m engine of this kind ore simplicity of 
lonstruction, so that it may ho worked 
vith safety by the more intelligent 
iluBs of farm labonrers, and may not 
lasily got out of repair; it slnmld also 
10 compact in form, and either portable, 

IT so made as easily to be fixed, and, if 
‘equirod, to bo moved again. 

Those engines may be divided into 
;wo main classes; those which are 
uounted upon wheels so as to bo easily 
Irawn about from place to place, and 
hose which are fixed; these latter 
leing frequently known as “intlejion- 
Jent” engines. BifTercut makers vary 
nmsidorably in details, bnt in their 
nain features most of these engines 
ilosely resemble ono another. They 
generally consist of a boiler with in- 
.emal fire-box and horizontal tubes 
dmilar to thoso employed in locomo¬ 
tives. The chimney is mode rather 
long, so as to create a good draught; 
but, as this would render it rather in- 
xinvonient in moving, it is jointed, so 
that when travelling it lies above tho 
Hoiler on a spooial support provided for 

it. The oylinder is usually horizontal, I'ig. 44. 

md is firmly bolted to the upper port 

.ifaihe boiler, which ia thus made to servo as a support to 
whioh all tho various parts of the engine are secured. Some 
makers, instead of this, plaoe a large saddle framo across the 
boiler, to whioh they fix the various fittings, and this plan 
seems-to be gaining favour. 

The conneoting-rod is fixed to tho piston-rod very much in tho 
same way As in the horizontal engine already described, and 
thua turns the crank of a shaft which is placed across the top 
of the ^boiler a little way behind the chimney. This shaft is 
ofW ^ made that tho fly-wheel may bo fixed on cither end, 
and the machinery is driven by a strap passing round this, 
or else round a speoial driving pulley suitably placed on tho 
shaft. 

The engine is usually fed from a large tub or other vessel 
plaoed by Its side, into whioh a flexible saotion hose is made to 
dip. The feed-pump is fixed to the side of the boUer, and is 
worked by means of an eeoentrie on the driving shaft. The 
^wiler its^ ia well covered with felt and wood lagging, for the 
double purpose of eoonomising the heat os much as poBBible,_ard 
also of avoiding risk of bums by coming into contact with it. 

As will be seen, all the various ports of .the engine ore very 
securely bolted to the boiler or frame, and thus there is little 
fear of the joints working loose by the jarring and shaking 


incurred in moving it from plaoe to place. Tho wheels are 
usually made with iron spokes, and a broad flange, to guard 
against their sinking too deep into tho soft ground, over which 
they often have to travel. When the engine is drawn into plaoe 
tho shafts are removed, and wedge-shaped blocks placed under 
the wheels to keep the engine from shifting its position through 
the oscillation. 

Independent engines are made very similar to this, with the 
exception of the wheels. Tho loose ash-tray under the fire-box 
is, of courso, ina<lmissible, as the engine has.to rest on this as 
a support; tho fire-box, therefore, is mode a little deeper, so 
that there may be room for tho ashes under tho furnace-bars. 
A firm pillar or iron pedestal is placed under tho funnel end, and 
thus tho engine may bo placed upon two stone slabs or similar 
bearings without any masonry being required to fix it in position. 
Sometimes tho support at tho foro-ond is so arranged as to serve 
ns a hot-water tank, from which tho boiler is fed, bnt this is not 
often tho case. 

Some makers x>lace tho oylinder and 
tho pi] ICS leaibiig to and from it inside 
tho boiler or steam-chamber over tho 
fire-box. In tins way they aro entirely 
protected, and during frosty or snowy 
■weather there is a groat benefit in 
this plan, as priming and condensation 
of tho steam aro thereby avoided, wliile 
at the same time there is a consider¬ 
able saving in fuel. Tho machinery 
is likewise better protected from acci¬ 
dental injury and from rust. 

In tho engines made by Messrs. 
Tuxford, one of which is represented 
in Fig. 44, tho funnel ia placed at the 
same end of tho engine as the furnace, 
and all the mechanism ia contained in 
on iron case at tiio other end of the 
boiler, so as to bo cntii-ely under cover. 
In those engines tho cylinders are ver¬ 
tical instead of horizontal, as in most 
other agricultural engines, and doors 
are provided in tho end of tho case, so 
that tho machinery may cusUy be got 
at to oil or clean it when necessary. 
This form of engine has met "with much 
approval; and os they usually have to 
work in tho open uir, tho protection 
thus afforded to the wachineiy causes 
it to last miioli longer than it othcr- 
■wiso would. Tho gango-cooks, safety- 
valve, and other fittings are tho same 
hero as in tho engines already described. 
Tho chimney is proviiioJ with a spark- 
trap to prevent tho esoal>o of red-hot 
cinders or spoi'ks; and as these engines 
arc often used to drive threshing ma¬ 



chines in staok-yords or similar places, this protcotion ia very 
necessary. 

An engine of this description is soniotiuics used for steam 
ploughing and cultivation. When this is the ease, it is made to 
impart motion to a largo dnim, so constructed as to turu at 
pleasure in either direction. A iviro ro]ic is then made to pass 
along each side <if tlio field, suitubJe roll 0 r.j and pulleys being 
provided to diminish its friction as far os possible. These 
pulleys arc fixed to anchors, which ore moved from time to time as 
tho plough travels from side to siiio of tho field. Several plongh- 
sharoB aro usually fixed side by side on one frame, so that some 
i six or seven fnrroivs .are jiloughod at the same time; and a second 
set of shares is also fixed in tho framo, which act when it travels 
! back again to tho side of the field from which it started. In 
i this way tho work is very ra[iidly accomplished. A rope is fixed 
j to each end of this compound plough, and by this it is thus 
I alternately drawn from side to side of tho field, tho anchors and 
pulleys being suecessivoly moved nearer and nearer tho side on 
whioh the engine is placed. Another plan is to fix tho drum to 
tho engine, and place this at ono side of the fielu, and a pulley 
with its •anchor at the other side; both engine and pulley aro 
then gradually moved along from ono end of tho field to the other, 

I the plough moving bockvrarda ijnd forworda between them till 
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the whole is completed. A oonsideTable drawback to this mode 
of cultivation is the expense of the rppe, which is found to wear 
ont very rapidly. Tr8otion<en^mes hare aooordine'lj been tried, 
which trnrol across nr round the held, drawing the rarious implo- 
menta after them. These have not, however, answered so well as 
to oome into voty general use; the great difflcttlty at first arose 
from the engine-wheels sinking deeply into tho ploughed land, but 
this has been overcome in a very remarkable manner. It is found 
that if the tire of the driving-wheel be oovored with a thick layer 
of india-rubber, it accommodates itself to the surface over which it 
Xiasses, and in ihis way acquires such a largo bearing surface that 
tho wheel scarcely sinks at all. At first wo should imagine that 
tires of this sort would very rapidly wear out and become cut to 
pieces by tho stones on the roads over which they pa-ss; practice 
has, however, shown that this is not tho case at all, and that 
they last a considerable time. In fact, tho introduction of those 
india-rubber tiros has been tlio greatest step yet taken towards 
tho general employment of traction-engines for many purposes 
for which teams of horses arc now used. “Eoad stcamors,” as 
they are called, fitted with these tiers, have, in tho last year or 
two, been submitted to almost every teat that could be devised, 
and have been found to work in a highly satisfactory manner, and 
many moro are now being made both for home and foreign n.ae. 

Many traction-engines wore formerly so constructed that 
tliey laid au endless railway for thomaolvcs, along which the 
wheels travelled. A sorios of wido bearing-plates were con¬ 
nected at tho cuds, and fixed to tho driving-wheels in such a 
way that they were sucoossivoly laid down for tho wheels to pasia 
over, and taken up again immediately afterwards, llin whole 
arrangement being self-acting. 

Most traction-engines aro made with throe wheels, tho front 
ono being mode to turn in a pivot: this wheel can then bo turned 
by moans of the steering gear, and thus tho course of the ougino 
can be altered at pleasure. The various details h.-ivo all been so 
well carried out in many rood steamers now made, that they 
can bo turned in a very narrow spaco aud guided with tlio utmost 
precision. They have lately been employed for military purposes, 
such as drawing heavy guns and placing thorn in position, and 
for this too they have boon found to answer well. 

Oucosionally engines aro so constructed os to serve either as 
traction-euginos or «>rdinaTy portable ones, and these aro called 
combiuod,enguiOH. In this case there is in some convoniont 
place a largo driving-pulley round which a str.ap can be passed 
to drive any required machinery, and also an arrangement by 
which the driving-wlicfils may bo thrown in or ont of gear at 
pleasure. This may be accomplished by moons of a pinion which 
is made to slide along a feathered axlo, and thus con bo made 
to engage in teeth fixed to tho inner edge of tho driving-wheols. 
Tho motion is, however, often imparted to the driving-wheels 
by mosina of an endless driving chain, which possesses this od- 
vantag*o, that the wheels may be fitted with springs, and thus will 
acoommodnto themselves to tho irrogularitios of tho rood, and 
render tho motion much more uniform. In this country there 
ore many rostrintions as to tho use of traction-engines along 
public roads, especially in the neighbonrhnnd of large towns; 
but now that they can bo made so much more manageable and 
compact, these restrictions will not improbably bo modifiod, and 
then wo shall find their use greatly extended. In many engines 
of this class cither driving-wheel may at pleasure bo thrown out 
of gear, and by this means sharp corners may be turned with 
mnoh greater ea.se. 

Steam-rollers have of lato years been somowbat extensively 
introduced into largo towns for the sake of levelling rn;ida that 
have been newly macadamised, and they ought to be much mere 
generally adopted, as groat inoouvenionoe is caused by compelling 
this levelling work to bo effected by tho ordinary traffic. Tho 
steom-rollera employed aro essontinily hoavy trn.oi.ion.cngines 
witii very broad driving-wheels, and so oonstmoted im to travel 
at a small speed. Tho boiler is usually a vertical tubular one, and 
the surfaces of tho wheels are covered wiOi brood we.-iring-pktos 
whioh can be renewed at plensnre. Reversing gear is provided, 
■ttie action of whioh will be fully explained when treating of tho 
looomotiTO, uid thus tho engine can bo driven cither backw.ard8 
or forwards at pleasure. A wido steering-wheel is so placed in 
front lhat it rolls tho spaco included between tho two driving- 
wheels. By ^ving this over the newly-laid stoneif a' few 
times road is rendered thoroughly firm imd oven in a very 
short timb, and hurtg B^h lon|^r; nearly nit the wear of^ tho 


stones against one another is likewise avoided. The roller is 
usually weighted with ballast, so as to bring its weight up to 
about twenty-flvo tons. 

Another very important olase of engines oonsists of those 
esiiecially designed for pumping purposes. In many factories, 
breweries, etc., tho water has often to bo raised from a deep well, 
or forced into an elevated.cistern; and lor these and many 
similar purposes, pumps drivcm by pteom-powor aro commonly 
employed. Besides tins, in most lorge towns a supply of wafisr 
is now iwovidod and delivered by means of pipes to the various 
houses usually at a pressure sufiioient to raise it to cisterns 
placed in tho upper storeys. For this purpose very large pump¬ 
ing engines havo to bo erected, as the water has often to be 
conveyed from a considerable distance or raised from a deep 
boring. Two totally dillbront kinds of pump have come intr> 
common use: in one, tho water is raised by moans of a plunger 
whioh moves up and down in, a cylinder provided with suitable 
inlots and outlets; in the other variety, known as centrifugal 
pumps, a wheel fitted with curved spokes is made to revolve 
very rapidly inside a cliamber whioh it just fits, and by this 
moans a constant stream of water is maintained. These latter 
may bo driven by any ordinary engine, but the former are usually 
constructed so as to bo a port of the ougino itself. In many 
largo towns a boam-engino is employed, and the pump-rod is fixed 
on tbo same end of the beam as tho connecting-rod, usually at a 
point aboiit half-way between tho centre and the end. In other 
coses the connecting-rod and fly-wheol arc dispensed with, tlio 
piston being jointed to ono end of tho beam and the pump-rod 
to the other. 

Another plan is to invert the cylinders, and thus let tho piston- 
rod bo connected dircotly to tho jilungor without tho iuterven- 
tioii of any beam or other mechanism; this form of engine is 
decidedly tho most simplo, and hcnco has been employed in 
several largo water-works. Tlio pumps aro now very frequently 
moilo double-acting, so that tho water is raised while the water- 
piston is merving up as well as when moving down, and by this 
means a larger amount of water is raised, and the action is ren¬ 
dered much more uniform. A largo air-chamber is, however, 
nearly always cotmcctcd witli tho main pipe just after it loaves 
the pump. As each stroke is made tho air in the upper part of 
tliis is to a certain extent compressed, and thus prevents tho 
sudden jar or shock whioh would otherwise bo given to the water, 
Tlio reaction of tho air between the strokes of the piston keeps 
tho column of water in tho pipes in constant motion, and thus a 
steady uniform flow is prodnoed; in this way tho strain is much 
diminishod, and tho pump rendered more eflbotive. 

In pumping-engines that arc fitted with a beam, if tho strain 
is greater while tho plunger is moving in one direction than it is 
diming the return stroke, a counterpoise is usually aflixod to tho 
upper end of the plunger, of such a weight as to balance this 
discrepancy, and thus cause the work of the engine to be uniform. 
Tlie power required in some of these engines may bo easily seen 
when wo remember that tho average supply of water that has 
to bo provided for a town is from twenty to tliirty gallons per 
day for each individual inliabitunt. 

For use in factories and other places where a largo amount 
of water has to bo employed, pumps of a much simpler oon- 
strnction aro often employed. In many of those the cylinder 
and tho barrel of the pump arc firmly secured to a solid bed, so 
as to bo in ono straight line; tho piston is then fastened to one 
end of tho piston-rod and the pump to tho other, both engine 
and pump being made double-acting. In tliis way groat simpli¬ 
city is attainod, there are but few moving and wearing parts, 
and tho whole ooenpies but little space. Small pnmpa pf this* 
description, known as donkey feed-pumps, arc very froquon-yy 
used for feeding boilers, for whioh purpose they answer very 
well. When tho feed-pump is driven from tho large engine, 
this has often to bo started or kept running slowly, only for the 
purpose of maintaining a sulRoient supply rf water in the boiler. 
This eausos a great waste of power, and hence an independent 
feed-pump driven by a cylinder of its amx is generally used 
for this purpose. 

The steam-hammer is another very important adaptation of the 
engine, and is now employed in nearly w large metal-works ajm 
foundries. Its oonstr^ction has, however, been already fully 
explained in tho papers on “.^pliedMechanics" Vol. I.« p. 410), 
and a figure of it has been given there, so that we need not 
further eiqplain it, but refer onr readers to that desoriptiom. 
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Steam eranee and travelloEs are now very commonly employed 
in alt extenaive building operations, but they eall for little sx'ecial 
notice here. The boiler ia them i» usually vertical, and the 
pioton makoB ehort and rapid etrokes. In the crane great care 
is token to have the different ports well balanced on the pivot 
about whioh the whole rotates, and tlio various handles for 
starting and reversing the engine arc so arranged ns to bo well 
under control and easy of access. 

Blowing engines ore frequently construnted for use in mines 
BO os to seenro a continual supply of fresh air to the various 
workingB, and also in many foundries to urge tho combnatien in 
the blast-fumaces, and thus produce sufficimit heat to melt the 
iron. In some of these tho current of air is liroducod by largo 
blowing cylinders worked by the beam: in many other cases 
a largo fan is sot in revolution by tho engine, and this produces 
the blast. 

ITie only other special engine wo can at present refer to is 
the steam fire-engine. Tliis has been introduced somewhat 
recently, but is of tho utmost importance, csi)Ocially in onr 
largo and crowded towns, whore a fire when it once breaks out 
spreads with such amazing rapidity. In an ordinary engine a 
oonsiderablo amount of time is occupied in heating tho water in 
tho boiler, and getting up suifirierit prnsBure of stoaui to work 
the engine. Tliia, however, would never answer willi a fire- 
ongino, as almost everything depends upon having it at work 
as soon as possible after tho fire has broken out, and lioforo it 
has had time to make much way. Tho ciigino must also he 
citrcmcly portable. Those objools have now boon attained by 
several makers, and various imblic coinimtitions and prizes 
have stimulated tbem all to <Io tlicir best. 

Tho boilers, as wo have already explained, are made to con¬ 
tain a very small quantity of water, and ibis is distributed 
between various tubes in such a way that it is (werywliere in 
very thin layers, and the arrangoinciits are such that the steam 
can easily rise from tho internal surfaces. The tubes in these 
boilers are short, and packed extremely close together: this, of 
course, renders them veiy liable to become fiin-ed, but they 
seldom require to bn worked long at a time, and they arc so 
arranged as to be easily exi^oscd for tho sako of cleaning when 
necessary. Tho cylinder is short, being usually about seven 
nr eight inches long, ivnd six or seven inches in diameter. Tbo 
piston moves very rapidly, making about l.'iO or ICO strokes 
per minute, and the pump is fixed to the otbor end of the 
piston-rod. The jiump is double-acting, and discharges tlio 
water into a large air-chambor, from which it jiasaes to tho 
delivory-pipo. Some makers give a longer stroke to the ]iist(>n, 
but in the majority of casos tho short stroke is jiroferred. Those 
engines have frequently been got to work within twenty minutes 
or less of the time that tho lire was lighted; so that if the 
fire be lighted as soon as tho alarm is given, steam is frequently 
.got up on tho rond, nud the engine is then ready to work by the 
time it roaches tho scene of the fire. 


OBJECT DRAWING.—VI. 

SHADING. 

In order that tho drawing of an object may resemble the 
original, it is nocessary that not only the shape, but that tho 
evor-varjfing appearaneos caused by Uio rays of light falling 
upon it, should bo imitated in our representation. 

It is not in tliis place intended to enter into tho subjact of 
yie projection of shadows, which will bo fully treated of in 
another part of this work; but as a simple broad shade 
assists in “ bringing out” a skotcb of a solid form, a few hints 
are given to guide the student in shading from models. 

It cannot, however, be too strongly urged that no atlz^pt 
at shading should bo mode until tho outline has been oxaiuined 
in every way to tost its correctness; for it must ho borne in 
Miind that no amount of shading will malie vpfor had draning. 
whereas a bold and clear outline may, in most casos, bo nade 
independent of any shading at all. 

Only one light must bo nsod when shading from a model, and 
this is to be placed in the manner wftch will best bring out 
tile form of the object, by throwing some iwrtion of it into the 
■hade. 

Now, if one of tho rectangular solids bo placed near the 


opposite edge of tho tabic, tho candle or lamp being situated 
on tho side at which you are sitting, and on your loft hand, 
then the light will he prevented falling on tbo right side and 
back of tho model, whilst the front and loft side wfll be fully 
exposed to tbo rays: the back and right-hand side will then be 
in shade. 

Hut, in addition to tho solidity of tho object keeping tho 
light from falling on tlio sides which are not opposite to it, it 
also hinders tbo light from falling on the iahla, which, near the 
back and i^ht side of the model, will bo darker still. This 
darker portion is called the shadow. 

The distinction, then, between these two terms is, that any 
Xiart of an object w'hich does not receive tho rays of light is said 
to be .shaded; but when this object pi’cvonts tho light falling on 
another surface, tho part of that second object or surface which 
is thus obscured is said to bo in shndmo. 

It may bo taken as a general rule that, when tlio object and 
tho surface on which it stands aixi of tho same original colour, 
sIkuIows arc durkur than .shades. 

Itiiys of light falling upon any surface are reileoled from it, 
according as tho surface is more or less polished, and the 
reflection will bo more or loss intense as tho reflecting surface 
I is of a lighter or darker colour. Any surface, therefore, which 
I is directed towards light, not only hcoomes itself illumined, but 
I easts a certain amount of light on objects opfiositc to it. Thus, 

; s(ip[iosing a cube is placed so that tho light may foil on one 
I hiile, whilst the other is in shade; if a sheet of drawing-jiaper 
i is held uji at a little distance from tlie shaded side, so that tho 
; light may strike directly on it, tho rays will be reflected, and 
the sliii/ded side will bo visibly lighter thou it was before. 

On ibis point, Mr. llntler ■VVillinms says: “ Although all 
surfaces th.at receive light do not reflect bock on equal quantity, 
yet all do so to some extent, and to a greater or less degree 
according as they are placed Jess or more obliquely with roHjicct 
to tho luminous body ami to other surrounding objects. IVere 
it not for reflected light, those objects or surfaces which ai'O not 
directly illumined would be so totally immersed in sliodo as not 
to be seen—their exterior figure or outline only would be visible. 
If an object bounded by flat surfaces be relieved by a wall or 
other snrfjico, and tho light be supposed to prccood from tho 
left, wo may notice three prominent varieties of tint. The 
lightest will ho on those surfaec-s most nearly oiiposed to, »r 
facing tho light: tbo bocoud will bo on the side of tho object 
from which tho dii-ect rays of the light arc inlcrrnplod by tho 
snhsiaiico of the object itself; tho third will ho tho shadow 
cast by th.at object on a part of tbo surface facing tho light, 
but of whi(!h jiart is deimved of the direct ray.s of light by the 
interposition of the obioot in relief. 

” Now tho shade on tiio side of tlic projecting object appears 
lighter than tho shadow adjoining, because, from tbo adjacent 
Hurfiu-e of the wall, u certain portion of light is rellocled; and 
tlic shadow is the darkest because there is no surface near from 
which any strong light can ho reflected to the place it covers. 
Siiatlows appear darker when cast on a hnrfaec in bright light 
than when oast on a surface in a fainter light or in shade; and 
the contrast, in the first case, between the shade and the 
adjoining shadow is greater than in the latter ease. 

“ Also, in the case of a shtulow fu.l]ing on a flat surface, that 
part of the shadow which i.s ncare!,! ti> tho object whioh causes 
it is darker than the psirts more distant; the shadow becomes 
gradually less intense the farther it recedes from tho object 
whereby it is produced.” 

As the application of the prinriides thus laid down will bo 
shown in subseciuont olqcots and groups, some attention will 
now be given to tbo inanncr in which shading is to be accoiii- 
]>lishcd. 

If the drawing ho small, it will bo sufSciont to eiiiTiloy tho 
pencil to shado it. For tliis purpose tho B iviU be found i.ho 
best for goiiorii.1 shading, 1111 for tlio lighter shades, and BB 
for tho darkest shadows. 

'I'lio shading should not ho done by nibbing the pencil up 
and down, Imt b.v clear lines, whie.h must afterwards^ be 
softened by a pencil of a slightly lighter degree; but the lines 
Blionld still remain visible, though not too distinctly: and, in 
order to obtain the crispness and brillioncy so necessary to tho 
beauty of a drawing, the lines should from time to time he 
brought out, 80 that they may not he lost in tho filling in. 

These linos are called “ hayings,” and though no absolutely 
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uiiirerBal rule can be given uh to tUeir direction, it will be found 
beat in moat caaes i^at the Hues should follow the direction 
of the jilame on which the shailmn falls. Thus, let ua suppoae 
it were required to eliado a cube suspended against the wall, on 
a higher level than onr eye, which is situated on the right side, 
whilst the light comes from a point above and on the left aide 
of the object. It is clear that, under these circumstances, wo 
should see the right side and bottom of the cube, both of which 
wmfld bo shaded, and that there would bo a “ cast shadow ” on 
the wall. 

The side of the cube should bo shaded with vertical and the 
bottom with horizontal lines, whilst the shadow on the wall 
should again be done in vortical linos. 

Curved surfaeos should be shaded by linos which partake of 
the general curvature, and Uioso may be crossed by others, but 
care must be taken that those hatchings do not cross each 
other at right angles, like the threads in a woven fabric; tlioy 
should cross obliquely, so that the spaces between them may 
be lozenge or diamond shaped. None of the hatchings should 
be visible when the drawing is viewed from a short distaneo, 
but should form a uniform dear tint over the shaded surface. 

The largest and darkest shadow should bo laid on first, for if 
the opposite plan wore adopted the learner would have diffionlty 
in BO graduating his tints that the darkest portions of the work 
should not become too dark and heavy. Still, it is to bo under¬ 
stood that the shadows and shades are not any of thorn at first 
to be mado as dark os they are intended subsequently to be, 
for the constant retouching which the work necessarily receives 
would thus make the whole too dark; whoreiia, by gettuig the 
shadows gouorally spread over tlio whole work, and then work¬ 
ing on each in turn, the relation of one to the other is observed, 
and no one part looks faded whilst others may look fresh. It 
is, of cetu’se, noocssary to avoid smearing the work, but this is 
easy with a certain amount of earo. 

The outline, too, will require tonuhing up as the drawing 
proooocfe, but it must be particularly observed that in reality 
there is not a line round ohjects, and that therefore the bouii- 
dary lino which is necessary in a drawing must not bo hard and 
darker than other parts, which causes the ilrawing to appear 
as if it wore intended to j oprosrait an object bound with a band 
of iron; still, the form must be clear and defined, and care must 
bo taken that in the prwuss of shatling the outline may not 
bocomu ragged. 

Drawings of objects when of a largo size should bo executed in 
chalks. Those most generally used are “ rrench Coni/- crayons,” 
Nos. 1, 3, and 3, anil white chalk- -also sold in sticks. These 
are hold in chalk-holders, called porto-crayons. In lieu of these, 
the crayon may be rolled spirally in a strip of drawing-paper, 
which has the great advantage of lightness; and, for economy’s 
sake, the small pieces of ohulk may ho fixed in a quill. 

To point those chalks a certain amount of practico is re¬ 
quired. Having placed the larger end in the holder, scrape the 
other until it approaches a pointed form ; thou, turning it in 
the reverse way to that in wliieh a pencil is hold, holding it 
between the tliomb and middle finger of the loft hand, and 
snpixwting the end on the forefinger, ^Mlfrott^ tlio point towards 
the body, gradually taming the chalk round between the 
fingers ; by this means, with a sharp, brood knife, and a little 
care, a fine point may soon bo obtained. For model drawing, 
very fine points are not gouorally required; ihorofore, wbon tho 
point has once been made, it may bo kept sharp unuiigb for 
some time by a small file or piece of sandpaper, a strip of 
whioh may be glued on a piece of wood like a small razor-siirop. 
Tho throe numbers on tho chalks reprosent different degrees— 
No. 1 Iming tho liai'dest. 

The outline is, in tho first instance, to bo drawn with sl.etoh- 
ing-eharcool. This should bo properly pointed, and tho sketch 
should be lightly made. Jl' this bo done, any parts wliicli may 
bo deemed inoorreot can bo dusted off with a cloth, clean 
handkerchief, or a piece of chamois leather. This must not, 
however, be done too often, as tho Rnrfac.o of tho paper would 
thus become roughened, and tho grain or "tooth” destroyed, 
and this would seriously interfere with the manipulation of the 
chalk. In addition to this, tho habit of constantly rubbing out 
encourages want of care in tho sketching; and therefore do 
not labour under the delusion that your first outline need 
neoessMrily be “ only » rough sketch,” but aim at oorreotness 
from tho beginning. * , 


When tho outline in charcoal is satisfactory, it is to be dusted 
out, so as to leave merely a slight traoe—just enough to gui^ 
the eye and hand. Tho lines ^are then to be repeated with 
crayon No. 1. 

As a rule, erasure of the ohalk-lines ought not to be required, 
since all the corroctions should have been modo in the oharooal 
sketch. If, however, alteration bo indispensable, tlio lines may 
be rubbed out with stale brood, either in its usnul condition, or 
pinched between tho fingers until it is kneaded into a paste. It 
must, however, be understood that the uso of bread always 
more or less unfits the paper to rooeive the ohalk, and thus 
causes the shading to become spotty; and, further, the frotiuont 
uso of broad makes tbo paper become greasy. Vulcanised 
india-rubber will, in some degree, TomQvo this, but, again, the 
surface of the paper will suffer, so tliat the old adage, “ Preven¬ 
tion is hotter than cure,” must be borne in mind, especially so 
sineo the core is not an efficient ono; and thus again tho abso¬ 
lute necessity for care is impressed on tho student. 

Tho paper used when the model-drawing is to bo exeontod in 
puneil should bo a good, firm, white cartridge, or any other 
which is nut hot-pressed. If the paper bo too smooth, tho 
poiioil glides over it, and a level tint will not be obtained with¬ 
out much diffionlty, whilst if it is too rough tho drawing will 
be coarse and unsatisfactory. 

Tinted crayon paper is used for chalk-drawing; it may bo 
had at various prices; but a cheap kind is now sold for uso in 
drawing-classes and schools of art, which will bo found quite 
good cuongli for general purposes. Tho paper generally used 
is of a pale grey or dull slato-colour, or drah. Tho colour ought 
not to bo too positive, but should servo as a middle tint between 
tho whitu ohalk and tho palest tints in tho shading. 

If tho drawing bo executed on white paper, it will require a 
background, and thus much time is absorbed, to a certain 
extent, utqirofitably; in fact, by far more work is required 
on white ])apor, for all the middle tints have to be worked in 
ndth tho clialk, which is not tho case with tinted paper, as 
already explained. 

The general ground for tho shading may be laid on either 
AVith a piece of soft wash-lcnthcr, or a leather or paper " stump.” 

Tho “ stump ” is an implement mode of chamois leather or 
soft paper, closely rolled until it is about tho thickness of yonr 
little finger; it is then pointed at each end. 

The crayon to bo used for stumping is No. 2, or, for very 
dark slculows. No. 3. It is to be very finely scraped, or it may 
be rubbed on sandpapor, or filed, so as to obtain an impalpablo 
powder. A little of this powder is then placed on a piece of 
wasto paper, and tho point of the #turap is dipped into and 
turned round in it, so that it may bo charged with the chalk. 

lleforo, however, you touch tho draAvhig with tho stump, it 
must bo rubbed on another piece of paper, so that tho ohalk 
may bo evenly distributed over it, and that there may not ho 
too much upon it. The quantity required must, of course, 
depend on tho depth of shade to ho executed. 

The stump is then to ho passed lighthj over tho surfaeo to be 
shaded. If the space bo narrow, tho yioint must bo used; if 
wide, the stnmp shonld be held .almost horizontally, so that tho* 
sido of the implement maybe used; and for spreading tho chalk 
over larger surfaces, tho piece of wash-leather may bo used for 
tho same purpose as tho stump. 

The touch rotist be light and free, so as to spread an oven 
tint over tho j)apor. If you rub hard, the shade will* become 
dark and streaky, and, further, you will injure tho surface qf 
the i)aper. 

One end of the stump is to bo kept free from chalk, td bo 
employed for smoothing and softening tho work of the other.* 
Should ono part turn out spotiy, tho ports which are too light 
must be touched w'itb the dark end of the stump, until a level 
appearanoo is obtained. 

The lights are produced by moans of white chalk, rubbed on 
with tho paper-stump; hut for the highest lights the wliito 
chalk is used directly to tho drawing. Yon will find the wluto 
chalk by far more diffloult to cut thon the black, end tho points 
break off very often. Both theso difficulties may, however, be 
lessoned by cutting tbo point flat like a ohisol, and then draw¬ 
ing the lines with tho shafrp edge. 

The shades and shadows being thna Ifud broally is, tho 
hatching is to bo proceeded with aooording to tho direotions 
given in the previous remarks. 
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FARMING AND FARMING ECONOMY.—IV. 

]}y FrofesBor WtuaBTsos, Boyol Atpricultuxol College, Gireuceeter, 
aOTATION OF CS0F8. 

A BOTATION or orderly nucooesion of crops has boon adopted 
by all good farmers, and is to some extent onforced in agree¬ 
ments between landlords and tenants: the origin, uses, and 
modifioations, therefore, of such “ courses of cropping” becomes 
a fundament^ agricultural study. When a nation bocomes 
fixed in its habits, and the bounds of individual property become 
definite, the cultivator of the ground can no longer leave his 
exhausted field in search of iintillod virgin soil. Such unoccu¬ 
pied soil no longer exists, population having increased ond 
occupied it all. In such an economic condition, a rotation of 
crops soon declares itself to bo absolutely essential. It is a 
matter of observation, at any time capable of proof, that a 
newly broken-up field will grow heavy crops of com for a longer 
or a shorter period; that while the earlier crops are character¬ 
ised by an almost undue luxuriance, suncossivo harvests tame 
iuid reduce the land, and finally, if continued, impoverish it to 
such an extent os to render cultivation unprofitable. So soon 
as this takes place, cultivation will in all probability cease, and 
the land thus left will clothe itself with natural herbage, and 
“ lay itself down ” to posture. So it may continue, until some 
change in the relative value of grass and aora-growiug land, 
ineroase of population, or other cause, induces its owner to 
onco more break it up. The once exhausted field will then 
appear to have renewed its strength, and ugoiu will be crowned 
witli abundant harvests. Such is the most primitive and the 
most simple conception of a rotation of crops. It has been 
acted upon in this country in years gone by, and still obtains in 
coniitrios where ngrionituro is backward. 

Such a system, alike slovenly and injurious, has happily long 
ceased to exist here. The fallow, or period of rest, has been 
converted into an opportunity for clearing away weeds, and 
bringing the soil into a fine state of tiltli. The Israelites were 
ordered to fallow their land every seven years; the Bomuim 
understood the working of fallows well, and introduced their 
system into this country. No longer allowed to lie peacefully 
under grass, the land was subjueted to a rigorous course of 
cultivation and aeration, and it was thoroughly cleared and 
prepared for the reception of a oom-crop. The intervol botweon 
those fallowing periods was usually throe years -the basis of 
the throe year’s “ shift,” at one time the common rotation over 
almost the whole of England. Later in the history of agrieul- 
turo, wo find the interval increased according to the quality of 
the soil; some lands being able to produce throe, and others 
four or oven more crops before the fallow need again bo re¬ 
sorted to. The benefit of a naked or bare fallow is by no 
moans easily explained. By analogy, it was formerly clncidated 
by supposing that tho land was by this moans rested. The j 
idea of land requiring “ rest ” is, however, only a poetical ^ 
fiction. To be tired involves, of neocssitj-, a nervous system, 
or, at least, some kind of vitality, whereas the soil is ossoiitially 
unorganised and passive. While we recognise the necessity of 

* a fallowing period, we must, then, abandon the notion of land 
requiring rest. It is a more question of food-supply. Let tho 
reader bear in mind the origin of all soils—^namely, the disintegra¬ 
tion of rooks—and lest him also bear in mind that such disintegra¬ 
tion is not yet complete in any soil; that the very proBonco of 
undigoitted and unohanged rooky fragments of tho original rook 
is always to bo found in soils, and ho will have a key to the 
mystery of the benefits of fallowing. 

Tho. nooossary constituents of plants contained by all soils 

• exist, then, in two forms—one available, and tho other not yet 
available. In tho one form, atmospheric ond other agencies have 
effeoted their reduction, solution, or freedom, and have rendered 
them capable of obsorption by points. In tho other form, they 
exist as fragments of felspar, of quorte, of iihosphatin lodulcs, 
indigestible and insoluble, and yet containing what at some 
future time will bo food for plants. Lot eueocssive wintera 
exert their influence on this last as yet unavuiloble inorganic 
matter, and it, too, will be weathered into something useful to 
growing vegetation—nay, the very action of growing vegetables 
assists in breaking it down, and thuegninisters to the fertility of 
the soil. Now, by working a bare fallow with ploughs, harrows, 
and rodlora, new surfaces are exposed to the air, and disintigra- 
tion is accelerated} hence the advantage of summer fallowing, 


oven without tho aid of manure. To this may bo added a 
certain small supply of nitrogen, obtained from tho air daring 
tho period of fallow, through the agency of rain, and which will 
have a henofloial influence on the succeeding crop. Such must 
serve as a very brief explanation of tho benefits of fallowing 
land ; and when drussiug.s of farm-yard manure and lime are 
added, we cease to wonder why a fallow should restore wasted 
fertility. 

Botatious of crops such as arc now in use have only boon 
possible since the introduetion of forage and root-orops, and at 
tho present day they consist in judicious alternations of these 
crops. It is not our porposc to enter into the chemistry of 
rotations; such a course would involve a much more extended 
treatment of tho subject than is at xueseut possible. We must, 
then, take at least tlinKs iiroposiiions fur granted: first, that 
the repeated growth and rcinoviil of crops from the land does 
exhaust it; secondly, that each species of iilant, having special 
reqniromoiits, will, if eontimiously grown upon tho same land, 
take from the-soil certain constituents, leaving ethers not 
necessary for its wolfai'c ; and thirdly, that soil which may be in 
a certain state of exhaustion with refill enco to one plant, may 
yet bo in a condition to feed another, and this for two reasons:— 
First, because such other plant may require a different degree or 
kind ef nourishment from the soil, or may be capable of using 
mere of tho nitrogen ooiitained in the air; sewndly, because it 
may have a larger Toot-surfaec, and thus bo enabled to feed 
whore its less favoured predecessor foiled; or it may occupy tho 
ground for a longer period, and thus be able to abstract suffi- 
ciont nutriment for its development. As an illustration of this 
last, take the ca.so of wheat and barley—the first requiring 
ordinarily six months’, while tho second only needs four months’ 
possession of the soil. From those consideiations it is clcoi* 
that a greater produce may bo derived from land by on intcr- 
eliange of crops than by growing one species continoonsly. But 
this is not all. Farming economy usually requires tho main- 
tonance of live stock—tho produetiou of animal food ns well as 
of grain. 'This necessarily gives rise to tho growth of forjgc- 
crops and root-crops, for the piirjioso of providing both sninnicr 
and winter keep. Such crops are consumed upon tho land, or 
at the farm-buildings, and, with str.aw and the remains of 
imported food.s consumed by animals, form tho “ maunro-hcap.” 
Such crops, then, are returned to the soil; while wheat, barley, 
and other com-orops are sold oft the farm. They also, being 
for tlie most part broad-leaved, take nitrogen and CA.rbon from 
the ntmospbere, which eventually, .as manure, find their w'oy 
into tho soil. 'Thus there is a difference between groen-rrops 
and forage or root-crops; the one acting as exhausters, ond 
th<* latter as ronewers of fertility to the soil, .ludioioiis inter¬ 
change of tho.so two classes of plants gives us the many forms 
of rotations of eiMps now in use. Lot it not, howeii-r, bo 
itn.agined that forage and root-crops essentially differ from 
other crops in their nature, but only in their uses. Eomoved 
from the land, they would in many e.asos bo as oxhanstiiig in 
their effects, and even more so than gniin-erops ; hut consumed 
upon the land, tliey are the means of keeping up and adding to 
its fertility. 

It will be well also to note some additional reasons why 
our root-crops are well calculated to take tho place of the 
old-fashioned bare fallow. Tlie objeets of tho bare fallow are 
twofold : it is a means both of cleaning and of renewing the 
fertility of the soil. Koot-crops, since they arc spwn oompara- 
tivoly late in tho spring, and even into summer, allow of the 
land being cleared jirevious to their being sown; and the 
aiioption of wide drilling enables cultivation to bo pursued, both 
by horse and hand hoes, throughout summer, and even into 
autumn. Again, such crops cannot bo suooessfully cultivated 
without liberal applications of manure j and they are finally 
either eonsumud on tho land or converted into laiid-niniinre. 
Hence tho root-croi«i can be cultivated in harmony ivifh tho 
objects of bare fallowing, and with tho following advantages 
over tho older system —-More capital can be profitably occupied 
in farming ; light lands arc better able to support tho succeed¬ 
ing corn-crop; more labour is employed: winter feeding of 
stock, and fresh meat throughout tho year liooomo possible; and 
tho agricultural value of the land is mcniased. • 

Betetions of crops are constructed with a view to^ peculiari¬ 
ties of soil, climate, and markets, and their modification is 
almost endless. In giving^ a few examples of rotations, we 
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Bhaill sal«ot them witli a viovr tu illaBtrating those general 
prinoiplea which must bo kept in view in framing them. HeavT- 
soils and light soils, peaty nud calcareous soUa—each are 
specially adapted for cortain crops. Heavy lands have been 
named “ wheat and bean” soils; light lands have boon termed 
“turnip and barley” soils; and these phrases indicate the 
general adaptability of each. Aocordingly, we find tlio heavy 
soils have been for the most part devoM to oorn-growing, 
while the light lands have been employed in the cultivation of 
roots and the winter grazing of sheep. The heaviest soils are 
not adapted to root cultivation, but are more benefited by 
summer or naked fallowing. 

Previous to laying bpforo our readers a few cbaioctorlstio 
rotations, wo must explain the term ” fallow,” which is used 
to denote that section of the form sot apart for the special 
purpose of being cleaned and renewed in fertility. This may 
be treated as a bare fallow, in which case it is repeatedly 
ploughed and worked, and finally sown with wheat early in the 
autumn; or it may be prepared and planted with roots, or a 
forage crop, in which case it is termed a root or green crop. 
Every rotation commences with some form of fallow, and a 
fallow is invariably succeeded with a grain-crop. Usually this 
graiu-orop is soodod down with grass-seeds, planted among the 
young growing com, wliioh continue to exist in a subjeotivo 
manner until after harvest, when they occupy the ground, 
becoming tho crop fat tho succeeding year. In some rotations 
these “seeds"— i.e., mixtures of clover and grass seeds—so 
occupy tho land for one, and in others for two years, after 
which they ore broken up for a corn-crop, which again may or 
may not bo followed with a sooond com-orop. Sometimes beans 
or peas take tho place of the seeds, and prepare tho land for a 
crop of wheat. 

Wo have already mentioned tho bid three-course shift as 
having been at one time general throughout England. Tho 
eouTSo oommencod with fallow, after which was wheat, followed 
by beans. This course is still pursued in some backward parts 
of the county. It will bo soon to bo essentially a clay-land 
rotation, and one altogether inoonsistont with tho mamtenonco 
of live atook. It, however, affords a good inatonoe of the 
aeanner in which a rotation may be modified. The original 
fallow, wheat, and beans may be oonvorted into— 


Half fallow (o) > , 
Half swedes (l>) f ' 


wheat 


{ 


Half beans 
Half seeds 


(o); 

Wi 


or, at length, into a six-oonrse, os foUowa 


Fallow : wheat: beans: swedes; wheat: seeds. 


Here we have one-third of the land in fallow, one-third in 
wheat, and one-third in beans and seeds. It is still suitable 
for olay soils, but is in aocordanoe with modem roqniromonta. 
A rotation similar to this obtains in some parts of Essex. 
From two crops and a fallow, we pass to throe crops and a 
fallow—a course suitable for tho same class of soils, but of 
better quality. Thus, in South Bucks and ports of Oxon the 
following course is said to be in vogue;— 

Follow: wheat: beans : clover, or peas. 

Again, we find rotation for cloy soils in which five crops ore 
taken between the fallowing periods. Thus, upon tho good clay 
soils of Holdemess the following course has boon in use :— 


Follow; wheat; clover; wheat: oats ; beaus. 


On the Corse of Gowrie even a more exhausting rotation has 
been adopted, namely :— 

Fallow: wheat: barley : clover: oats : beaus: wheat. 

la this case it must be borne in mind that tho oat-stubblos 
are heavily dunged for wheat. 

In examining such rotations, fallow, clover, and beans must 
all he looked upon as good preparations for grain-crops, 
espeoially for wheat, which will do well after any of them. 
They are, however, aU deficient as means for providing food for 
live atook; end we close this review of olay-land ro^tiona by 
briefly deeoribing a plan snbmittcd to the Boyul Agricultural 
Sooie^ some years ago by Mr. Stace, of Sussex, which will be 
found In the fonrth volume of the Sooioty’s “Journal.” This 
was an attempt to rooonoilo the maintenance of hie stook with 
a course of cropping snitable to clay soils. The dififionky in 
feeding stook upon a olay soil may be thus stated. The root- 
orop can neither be fed off in the winter upon iim lanA nor 

i ' 


carted off the land in wet antunm weather, without ininxy to 
the soil. Tho land is trampled with sheep in the one oahe, and 
with horses in tho other. This is the great diffionlty in root 
cultivation upon strong land, and to obviate it Mr^ Staee re¬ 
commends a system in which summer feeding.«f shee^ was sub¬ 
stituted for winter grazing. Aocordingly, he proposed to grow 
forage crops during summer, and to feed them off the land in 
time to BOW it with wheat. The plan proposed by Mr. Staee 
was as follows :— 

1st ;eaT.—Winter vetches consumed on the land In May and Juno; 

followed with swedes, turnips, and rope, Tho root-crop and rape 

fed off 03 early us possible in autumn, 

2ud year.—Wheat; seeded liolf with trefoil, and half with clover. . 

•>..> . f Trefoil, mown early, and sown with turnips to he fed. 

i Clover mown and fed. 

•ith year.—Wheat. 

5th year.—Winter heans, followed with wintor vetches as above. 

It will bo observed that this ro^tion has many advanlages. 
Tho land is stocked with sheep during summer and autumn, 
when treading will not injuriously affect tho land. The tillage 
is conoeutratod upon the time of year when olay lands work 
easiest—namely, autumn, when wheat, beans, and winter vetches 
all demand attention. The soil also is occupied with crops suit- 
able to its character. On tho ether hand, it may bo objected that 
there is too muoh work thrown on to one season of the year, 
and that it will bo impossible to carry out such a system of 
cropping unless with '^o aid of steam. Also, that however 
suitable such a course may bo for land in the south, it would bo 
impossible to take turnips after vetches, dr to adopt such a 
system of “catch-crops” in the north. Those are serious 
objections ; but wo would urge, first, that with steam muoh may 
be done; and, secondly, that although tho whole of a farm could 
not, {lerhaps, be managud upon this principle, yet a portion of 
the land might be so cropped as to enauxo summer food for 
sheep in tho manner proposed by Mr. Staee. 

Forhaps no rotation is better known or has been more 
widely used than tho Norfolk four-course. It appears in every 
county, and dniing the last two years, farms cropped upon this 
system have received first prizes given in connection with the 
Itoyal Agricultural Society, both in Oxon and Shropshire. The 
Norfolk four-course is os follows:— 

Boots! barley: seeds: wheat. 

It has been objected to as being too short, and beoanae both 
roots and sooda occur too frequently. The rotation has been 
modified by allowing the seeds to remain two years, thereby 
clianging it into a five-course; also by planting a proportion of 
land with beans or peas after barley. Tho Northumberland rota¬ 
tion is similar to tlio above, and comprises the following oropa:— 
Boots: barley or wheat: seeds: seeds: oats. 

The East Lothian rotation famishes us with the following 
Buocossion, in which potatoes play on important port :— 

Boots: barley, or wheat: seeds: oats: potatoes: wheat. 

On calcareous soils, leguminous plants, such as olovers^ 
beans, peas, and vetches, usually form a eenspioaons feature; 
on peaty soila, rape, kohl-rabi, and oats are widely oultiTated; 
on light soils, we find turnips and barley in perfection; and upon 
strong or stiff soil, wheat, beans, mangel-wurzel, cabbages, and 
kohl-rabi give oxeellont results. Thus upon each olass of soils 
wo shall find rotations framed with the view of introdvoing the 
most suitable crops. , 

Wo have, in tho foregioing remarks, reoognised rotations as 
valuable. A slavish adberonee to any one of them is, howdver, 
bad; and tho intelligent farmer shotdd be able to exercise hi^ 
judgment in the cropping of any partioular field, instead of 
being trammelled by vexations reatriotions. Thus, two white 
straw-CTopa oan bo sueoessfully grown in snooesaion upon the 
same land, as has been proved again and again, wad ^ some 
coses it is a oourse to be commended. Clauses which forbid 
suoh a method of cropping may bo properly stigmatised as 
meddling; for, as has been well observed, yon oau neither 
prevent bad farming, nor command good farming, by lease- 
olauses. The true method of securing good management is, by 
a liberal policy, to enoonrajp: tenants of intelligenee, capital, and 
position, who may then be allowed to farm to the best of their 
abilitaes, with as few restiictians as to management as is eon- 
listmt with the true inteiMts of the landlord. 
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WEAJPONS OP WAR.—XII. 

' BY AN OFFICES OF THE BOTAIi ASa'ILLEBT. 

BALLISTIC INSTBVMKNTS. 

A BBIBS' aesoriptkm of tha inatraments which have from timo 
to time been inveated to delmmiuo the yMooity of projectiles is 
proposed to bo the anbatanoe of this paper. To clear the aub- 
ject a little, it will bo oeoeasory to explain eomo of the advan¬ 
tages whioh 'may arise from knowing at what rate i>rojeotilo8 
are moving through the air. The greater velocity any projec¬ 
tile has {eoeterU paribus), we get—(1) greater range; (2) flatter 
trajectory; (3) greater penetration and doatmetivo effect; (4) 
greater aoonracy of shooting; in fact, four points which are of 
the greatest importance in artillery or rifle praotico. 

The maintenance of the velocity of a projectile over a certain 
distance depends on the amount of resistance experienced by it 
from time to time in its passage through the air; the greater 
the resistanoo, the greater is the loss of velocity, and nice ncriJil; 
so that it becomes a problem of considerable interest to deter¬ 
mine experimentally what the ootnal resistance is to differently 
shaped projectiles, when moving with different velucities. For 
instance, yon might get a high velocity with a spherical ball, 
and yet it might bo inferior for an extended range, on all the 
font points mentioned above, to an elongated projectile fired 
with a lower velocity out of the same gnu, chiefly for two 
leasouB; (1) the inoreasod resistance it actually moots with in 
its passage tlirough the air; (2) the decreased weight which 
renders it less able to overcome the resistance of the air. So 
that supposing the two projectiles were started at the some 
instant, the spherical projectile would go ahead for a short dis- 
tanoe, but would soon bo overtaken by the elongated projectile, 
and finally strike the ground at a muoh shorter distance from 
the starting-point. 

Lot us now proceed in the description of some of the most 
successful ef the instruments which have been devised fur 
measuring the velocity of projectiles. 

The ballistic pendulum was the instrument which gave the 
most praotioal results before the discovery of oloctro-mognotism; 
and Dr. Hutton, Professor of Mathematics at -the Koyal Mili- 
taiy Academy, Woolwich, made a scries of experiments from 
1775 to 1791, from whioh he deduced his law of the resistance 
of the air, which, although it fails for low volooitios, yet for 
volooitioB above 1,300 feet-soconds gives a fair representation 

of what actnully 
takes place for 
spherical shot. 
Considering the 
roughness of the 
instrument, it is 
Fig.ll. remarkable that 

such good ap- 
pioximatorosiilts 
should have been 
obtained. 

TTio ballietic 
pendulum (Fig. 
1 ) consisted es¬ 
sentially of a re¬ 
ceiver, D, oom- 
monly filled with 
sand, eonneotod 
to the point of 
snspensioa, O, on whioh it could turn freely like an ordinary pon- 
dnlam. The projectile was fired into this rooeivor, thus impross- 
*ing the whole c£ its momentum to the pendulum, whioh recoiled 
through a certain angle varying with the vdocity and weight of 
the projeotile. This angle was earefuUy road off by meons of a 
graduated are attached to the instrument; whence, by a mathe- 
matieal oakmlation, the velocity of the projectile at the point of 
impact was determined. The suppositions on whioh those cal- 
ei)latioaB depended could ne-^^er be strictly correct! bonce the 
results obtained could not be regarded os anything hotter than 
aa appraximation to the truth. For instance, it supposes that 
dnribg the penetration of the projeotile into the sand the pen¬ 
dulum remained at rest, and edso tha| the direotion of the blow 
aeted horisontaily. There was also difficulty in striking the 
pwdnfaun, eo there should be no vibration for impulse on 
the aiEis of sutpension. As the distance ttam the gun increased. 



these difileultieB became almost inaurmoontable. These defects, 
as well as the expense and unwieldy chsraoter of the machine, 
pointed to the desirability of eontriving a simpler and more ' 
portable instrument to efi'oot the same objeoU 

Major Navez, of the Belgian service, was the first who sne- 
ceeded practicaUy in obtoi^g the velocity of projectiles by 
means of electricity. The instrument he devised was called tUo 
olectro-ballistic pendulum, the pendulum being used to measure 
time instead of the force of the blow, as in the former instance. 

This pendulum is capable of revolving about a horizontal 
axis through the point of suspension. A galvanic ourrent oircu- 
iates through an clcctro-magnct in the instmmont, and through 
tlio screens, which ai'c made of tiiin copper wire. When the 
current is cu'cnlating through tho clcctro-magnct, the bob of tho 
pendulum is raised np to its highest point, and kept there by 
uiugnotic attraction; and when tho enneut is broken by the 
sliot cutting tlio wire in tho first screen, the electro-magnet 
bocumc.s demagnetised, and tho bob falls by its own weight. 
'Wlion tho shot reaches the second scrcon, it cuts a wire through 
wliich another golvanio current is circulating, and consequently , 
demagnetises a second electro-magnet winch had been support¬ 
ing a small weight. This weight in falling completes a third 
galvanic current, which sets in action n third olootro-magnet, 
thus clamping a light index wliicli had been travelling with tho 
pendulum from its iiosition of rest. The position of this index 
is read off on a graduated are, and indicates the angle through 
which tho pendulum had moved when the third galvanic stre^ 
was closed. 

Another inetmtnent called a “ disjunctor " is used to break 
simultaneously tho wires in the two screens, and the position of 
the index is read off us before to climinato tho errors at tho 
falling weight, etc. etc., so that the differouco between those 
angles represents, when converted into timo, the actual interval 
which lias elapsed during tho passage of tlio shot from the first 
to tlio second scTuoii. This being a ceriain measured distance, 
tho actual velocity in foot-seconds is easily calculated. 

Colonel Lcurs introduced some modifications into this instru- 
mont, which have improved it considerably, niaklBg the obser¬ 
vations obtained by it more reliable. Ho mode use of two 
pendulums, one of which carries with it a registering needle, 
attached to a wasliot at tho axis. Tho right-hand pendulum is 
provided with an arc of a circle, having the axis for its centre, 
upon whioh slides a steel strap and tlinmb-Bcrew. Two springs 
are so arranged that when tho right-hand pendulum falls the 
steel strap strikes tho end of a lover, and releases tho two 
springs, whioh at once close on tho washer of tho needle and fix 
tho latter in position. The distance from tho strap to the stem 
of the ponduliim determines the position of tlio needle on the 
graduated are, when tho disjunctor is used. Tho difference 
between the length of this two obtainod with tho disjunctor 
and the arc registered by tho needle in actnal trial, is tlio arc 
required. This modification of tho instrument is usually called 
tho “ Navoz-Lours.” 

In tho Navez and Navez-Lours instruments, Uio time is mea- 
sm'od by the arc passed over by a pcndulnm. This method of 
inensuromcnt is liable to variatiou, and a committee of rofer- 
cnca appointed by tho War Oflico has reported as follows:— 
“ The time of describing any given arc is, of course, affected by 
friction; and in order to take this into account, the time of 
describing the same arc by a simplo pendulum unaffected by 
friction is multiplied by a factor, tho value of whioh is found by 
observing tho instrumental measures which correspond to inter¬ 
vals of timo which are known d priori, such os the time of a body 
falling freely through a given small space. It is found, how¬ 
ever, that tho value of this factor is very sensibly different for 
different purte tho arc of oscillation of the pendulum. Prac- 
tioally tho factor is determined by moans of falling weights 
with which tho instrument is furnished, for a coiisidoroblf! arc, 
beginning ft certain distance below tho starting-point of the 
pondninm, then for another considerable arc bogiiming where 
the former ended, and similarly for a third; and in the conver¬ 
sion of on arc aotnolly obsorvod in tho use of the instrument 
into time, the different values thus obtained ore applied to the 
corresponding parts of the total arc described by tho pendulum. 
On account of tho very sensible vormtion of tho footor, it may 
be deubtod whether this mode of converting arc into time pos¬ 
sesses a dogroo of exactness answering to tho delivery of tho 
instrumental indioationa. Thus, while indioationa nearly equal 
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tt> moh other may be compared by means of this inaimment 
with great aocnraoy, we do not think that quite tho same oon- 
fidenoe can bo placed in its determinationa of absolute velocity, 
or of relative velocity when the difference between thorn ie con- 
eiderable. The ease is somewhat similar to that of comparing 
d^erent temperatures by means of a very sensitive thermo¬ 
meter, which, notwithstanding very sensible variations of bore, 
has been calibrated on tho assumption that for very consider¬ 
able pbftions of tho interval which separates the standard 
points, tho bore may bo taken as uniform.’' 

This error has boon obviated in a chronograph invented by 
Captain iBoulengd, also of the Belgian Artillery, in which the 
time is measured by tho spaoo passed over by a falling Weight; 
while the employment of the eloctro-mognots is tho same as in 
tho Kavos-Leurs. A long cylindrical rod is suspended verti¬ 
cally by on electro-magnet in connection with the first screen. 
Another electro-magnet in connection with the second screen 
suspends a shorter rod, which in falling strikos a trigger which 
releases a knifo so as to mark tho zinc tubes attached to the 
lunger rod. These several operations require some definite 
time, which is allowed for by using a “disjunctor” under 
exactly the same conditions. 

When the shot strikes tho first screen tho longer rod com¬ 
mences to fall; and when it strikes tho second screen the 
shorter rod commonoes to fall, and roloasos a knife to out the 
zinc on the longer rod. 

The space through which the longer rod has fallen represents 
(when oorrected for tho disjunctor reading) tho time tho projec¬ 
tile has taken to traverse the distance between the two screens; 
and this distance being accurately measured, tho velocity of tho 
projeotilo is easily calculated. 

All those instruments before described are only capable of 
measuring one velocity of a projectile; but it is possible 
roughly to measure the resistance of the air by using two 
different instruments, so as to got two velocities at two different 
points in tho path of the projectile. 

Wo are indebted to the Eev. F. Bashforth, B.D., Professor of 
Mathomatios to the Advanced Class of Artillery Officers at 
Woolwich, for tho accurate experimental investigation of the 
law of tho resistance of the air to projectiles moving at a high 
velocity. 

His chronograph consists ossontially of a cylinder mounted 
vertically with a horizontal fly-wheel attached to it. Two 
markers attached to two different eloctro-magnets mark a uni¬ 
form spiral on the revolving cylinder. One of the electro-mag¬ 
nets is connootod with a g^vanio battery which circulates 
through the screens, usually ten, which ore placed at equal 
intervals apart. Tho other oloctro-mognct is connected with 
a galvaipc battery, which is so arranged that a pendnlnm 
clock boating seounds interrupts tho galvanic current once a 
second, and so moves tlm marker out of the nniform spiral, 
and thus gives a scale of time. When the circuit which circu¬ 
lates through tho screens is broken, the marker in connection 
with the first electro-magnet is moved ont of the uniform 
spiral, thus giving ns many marks os there are soroons. Tlieao 
intervals are carefully measured, and compared with the time 
scale; whence tho vdocity at the middle point of each space 
between the screens is obtained, and the actual rosistanoo of 
the air at those velocities. 

The differential character of this instmmont makes the 
results obtained from it worthy of a high degree of credit, 
“ since in this way each experiment supplies moans of testing 
the accui^y of the results, which are wholly wanting when 
only two intervals of time are measured, and that by two dif¬ 
ferent instruments,"* Tho committee further report “that 
they do not think that any means existed before of recording a 
number of buocobbivo small intervals of time with tho degree 
of precision and trustworthiness attained by Professor Bash- 
for&’s instrument.*’ Professor Bashforth has also introduced 
a “gravity ohronogTOph"_for measuring velocities rapidly and 
accurately on a similar principle. In this instrument only one 
electro-magnet is used, which is connected with one galvanic 
current, and the marker, instead of tracing a spiral on the 
revolving cylinder, makes a small hole on the paper. Tho time, 
half a second, is measured by a weight falling firoely through a 

* Pidi Boport of Committee of Beferenoe on Chrmiographe, published 
by War Office. Page 187. 


space of 4'02 foot. When tho weight oommonoes to fall|ihe 
ourrent is hrokou and a mark is made, then the projeotilo 
breaks tho current when passing through the screens, usually 
three, thus giving three marks; and finally, when the weight 
readme tho bottom, the ourrent is again broken, and a ffith 
mark is registered. Thus— 

A a) (2) (3) . B 

represents the records on tho cylinder. A B, leng& of half- 
second; (1) to (2), time on the same scale the projeotilo takes to 
pass from first to second screen; (2) to (3), ditto from second 
to third Boreon. 'Tho second soroen is not necessary for the 
observation of a velocity, but is only introduced as a check to 
800 that the spaces are consistent. Knowing the distance be¬ 
tween tlio first and third screens, tho velocity is easily calculated 
by simple proportion, or can bo road off by means of a slido-mlo. 

By idle use of five scrooue, tho resistance of the air can bo 
more noourately determined with the gravity chronograph than 
by the use of two instruments, either of Boulengd or Havez- 
Leurs, although not with such toorough reliability as with the 
chronograph before described, on account of the possible slight 
variation in tho velocity of tho fly-wheel, dnring the half- 
second. 

A ohronoacope has also been contrived by Captain Andrew 
Noble, of Elswick, for measuring the velocity of projectiles in 
the born of a gun. Tho principle is much the same as in tho 
Bashforth chronograph, but the method of registering the breaks 
in tho current is different. In Ihe Noble chronosonpo tho mark 
is given by a spark on a blackened circular disc, made to 
revolve at a high velocity by means of toothed wheels— 
mean velocity of which is measured by a stop-clock. This 
method of measuring time does not appear capable of so great 
accuracy as that adopted in tho Bashforth chronograph, bnt it 
is said to give reliable results by those who have used it. 

Kxporimonts oouductod with those two instruments form the 
basis of some very valuable knowledge in the science of 
gunnery, and will probably lead to still further investigations 
of the subject. 


TECHNICAL DR AWING.—XLI. 

DBA WING FOE STONEMASOHS. 

FUEEJIANS skawino fob stonkuasoms. 

In a previous lesson (Vol. I., page 47) we have said : “ It is 
advisable that the student should be informed that all the 
drawing which is necessary for the artisan cannot bo done with 
rules and compasses, but that some portion of the work must 
bo done by free-hand.” 

Those remarks apply with eqnal force to stouomasons. Surely, 
it cannot bo right for a man to make up his mind that because 
a templet out ont of zinc, etc., is given him, his solo work in 
life is to plaoe it against the end of the block of stono, scribe 
round it, and chip away until the block is the same shape bU 
along—to work a plain sarfooe to a block, to work aocurate 
joints, or to sot tho stones according to the working drawings*; 
althongh all snob work, and very much more, ore not only 
important, but abaolntely indispensable to the mason. Bnt the 
workman must remember that he is not a mere machine; that 
knowledge and intelligence are required in every branch; and 
that the more acenrately the eye is educated to ^prociato 
carved forms, the more readily will the hands execute tho 
work. The manual skill of onr stonemasona is nnqnestioiidd; 
the noble bmldings daily rising up aronnd ns testify to (this; 
and it is to nrge on the British workman the necessity for i» 
creased mental cnlture and refinement in skilled labour that 
thesh' linos are written. A mason may not have to design a 
moulding, a drawing or templet of which is furnished him by 
the architect or foreman of the works, bnt it cannot be doubted 
that he will execute it more readily and with greater acouraoy 
if ho understands tho geometrical oonstmotion or appreciates 
tho relation of one curve to another; and his knowledge will 
enable him to work with interest and intelligence, instead of 
by mere rule of thumb or, as it were, instinot. Besides this, 
the line which separates some branches of masonry from stone- 
oarving is diffloalt to define—tho one grows ont oS the other; 
and although every man should determine to do his beat to his 
partionlar vocation, it is still his bounden duty to use every 
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endeavonr to raise himself, and this can only bo done by onmost It mnst bo pointed out that the curve must not sprinf? 
study and pefraeveranoe. To tho young artisan this is pur- suddenly or abruptly out of the perpondioular line, ns shown 
tionlatly addressed, and he is urged to follow up the olemontary in Fig. 373, but must merge so gradually into it that it shall 
course of studios here laid down j thus, as he advanoes in become at last a portion of the straight line. This will require 
years, he will advance in knowledge, and instead of going to some little practice to accomplish, but as it is one of the moat 
his work as a mere day-labourer, he will throw his spirit into imixirtant points in ornamental drawing, attention is at once 
his oocnpation, and it will become to him a labour of love. called to it. 

l%e schools of art which, thanks to the Government Depart- The two lower curves on the same side may now bo drawn, 
mont of Science and Art, are now widely spread throughout tho | each a little larger than tho one preceding it. The straight 




ftountiy, afford means of instruction of tho highest chnraotor. 
The admirably-arranged course of studios adapted for ^acb 
branch of practical art, tho oolleotionB of casta, libraries, and, 
above all, the excellent teaching to be obtained, all offer oppor¬ 
tunities not previously open to working men, and of which they 
are urged to avail themselves. 

In order to economise space, Fig. 372 may bo used by the 
learner as three separate studios, of which the easiest may be 
taken first. Draw the vertical line a b, and tho oblique line 
c D on the right side, giving the general inclination and extent 
of the curve to be drawn. s 

Now set off between c and d tho points b and f, and draw 
lines at right angles to c n. Make these equal to b u and i' o, 
and trace the enrve through o, o, and h to o. 



; linos used in the first enrvo are, however, merely intended os 
’ loading-strings, and therefore, flfl soon as the smallest amount 
i of power has been attained, they shoidd be rejected, and the 
I curve drawn without such extraneous aid. 

I Proceeding now to a further stage of tho study, draw another 
I vertical lino, and draw the curves on tho left side, which in tho 
1 present study will bo found rather more difRoult to draw t^n 
' tlioso on tho other; the hand should bo placed rather higher 
np on tho paper, and tho pencil should bo held rather lo^r 
in tho previous practice. It may hero bo well to mention 
that in free-hand drawing generally tho pencil should bo hold 
as lonfe, and tho eye should be kept os far from tM paper, as 
may bo convenient. By these moans freedom of hand and a 
jnst view of tho form is obtaipod. 
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la flketofaing, them onrreB aboald be at first Te !7 lightly 
traced. They should not be made up of repeated soratohea 
toaeldng or orossing over each other, as in big. 374, but of 
Bmall pieces, which in themselves form portions of the lino to 
be drawn (Fig. 375). 

Having thus practiaod the method of drawing simple curves 
inclined towards the right and left aides, the example may be 
copied as presented in the figure, the great object to be kept in 
view being tiiat the curves must halance each other—that is, 
that the one on the right must bo the exoot counterpart of that 
on the left. 

Draw the vortioul line A B, and the horizontal 1 > n crossing 
it; sot off on this the distance to which the curves are to 
extend—^viz., i), D—and on tho perpendicular mark the point c. 
Now, whenever lines ore to bo balanced, tho one on tho loft 
aide should be the first drawn, for it will bo clear that if the 
curve on tho right side wore sketched first, tho hand would 
cover it whilst drawing the other, and this would add much to 
the difficulty of balancing the different parts. Horizontal lines, 
in order to rognlnte the heights of the curves, may be used in 
elementary practice; but after a while a few touches rapidly 
sketobod across will be found suffiment, and tdl sixnariug of 
free-hand forms should be discarded. 

Pig. 376.—Tho lines which form tho subject of this study 
differ from tho previous ones, in being each composed of two 
distinct curves. 

It will bo seen that the curve starting from a proceeds as 
far as h, and then turns in another direction. This peculiar 
bond requires much care, for tho exact position of tho point at 
which the change takes place materially alters Uio form. In 
order to afford some iipiido to the student, the lino a r is drawn, 
and the change of direction in tho ourvo takes place at the 
point b of this lino. 

As in tho last subject, it is intended that tho single enrvos 
should be proctisod before attempting to balance them. 

Draw a vertical lino, and a horizontal at its extremity; draw 
a e at the required inclination, and mark on it tho i>oint h. i 

Now divide a b and b e into equal parts, and draw tho linos 
d e and /9 at right angles to a c. .Make d e and /g equal to 
tho depth of tho curve ; thou, commencing at a, trace the curve 
through e, h, /, to c. 

Care must be taken that there be not a suddon bend at 
tho jnnetnio, but that tho curves may flow gracefully and 
imperceptibly into each other. 

Assuming, then, that tho student has had some practice in 
drawing the separate enrvos as they appear on each side of 
the vertioal line, he may then proceed to draw the complete 
snbjoot, aided at first by tho guide-lines, and Bubsequonfly 
rejecting them. 

In tho two lower curves the practice is advanced to a curve 
growing out of another. This is another important point in 
ornamental drawing, and has been referred to in relation to 
Fig. 372. It will bo soon that, alilioagb the branch i springs 
from h, it does not project suddenly from tho curve g j, but 
merges gracefully out of it; so that if the part of the curve 
g h were removed, the curve j h i would still be complete; and 
if tho branch h i wore taken away, tho remaining curve, g h j, 
■would not be intormpted. 

Fig. 377.—In 'this study, tho practice afforded in both tho 
previous lessons is applied; 'the simple and compound curves 
being employed, and the branch carried round so as to form 
G simple scroll. The student is urged to copy the whole of the 
figures^ given in this lesson several times, as tho practice they 
afford is of the utmost importance to him. 

Z.1KSAB DRAWIBG BY MEANS OF INBTBUMENTS (coillinusd). 

Mouldings. —When tho foco or edge of any work is wongbt 
into long regular channels or projections, the sections of 
which form \'arioiui curves or rounds, hollows, ogees, etc., it 
is said to be moulded, and each separate member is called a 
moulding. 

Mouldings are ^vided into Grecian, Boman, and Gotfaio. 

Greoiau monldings ore formed of some of the curves known 
as oonio sections, snoh as ■the eUipse or hyperbola, and aome- 
times eren of a straight line in the form of a ohamfor, 

_ Boman monldings have ■Qidr sections composed dt arcs of 
cinles, and Unis they are found the easier for elementary 
pxaotiae in drawing. ^ 


Fig. 376.—^This is the simplest of all carved mouldings, and 
is called the torus. It is simply a semioirole describe ■upon 
the vertioal diameter, and is ns^ in ■the bases of oolnmna. 

To draw the torus, let a b be tho height of the member. 
Bisect A B in 0, and with tho radius c a describe the semi¬ 
circle. 

Ilie ■torus, when very small, is called on astragal (Fig. 379), 
which projects; but it is termed a bead (Fig. 380) when it does 
not stand ont beyoud the surfooe. Several boadings placed 
together are termed reedings. 

A fillet ia a small fiat face (Fig. 381) placed between mould* 
iiigfl to divide them. 

A fillet is, in the bases of columns (os sho-wn inr Fig. 378), and 
at the top, os in Fig. :i82, joined to a fuoo or to the column itself 
by a small quarter-round hollow, called an apophyge. The word 
is originally Greek,and signifies “flight.” English aroMtocts 
and builders generally term it tho “scapo” or “spring” of a 
column. 

The method of drawing these is so very simple that it is not 
doomed necessary to do more than refer tho student to the 
cxamxdes. 

Tho o'coZo (tho name of which is derived from the liutin word 
oimm, “an egg”) is a projecting mould, which in tho Greek styles 
is a xmrtion of a couio section, but which in tho Boman ia 
merely a ijortion of a circle—generally a quadrant—^in which 
COSO it is called a “ quarter-round ” (Fig. 383). 

To describe a Boman ovolo or quarter-round, let A be the 
upper extremity and b tho lower. At B erect a perpendicular 
cutting a horizontal drawn from A in c; then, with radius o, 
describe Gio quadrant or quarter-round. 

To describe a Qrooiun ovolo (Fig. 384), two tangents being 
given, as also their points of contact. Let A e and e b bo tiio 
tivngonts ; A and B the points of contact. Complete tho paral¬ 
lelogram B d A £. 

Produce b d to o, and make d c equal to d b ; di'vide E A and 
A d each into the same number of oiiuol parts. Sliroagli the 
points of division in A e draw lines to b, and from c draw linos 
throngh the points of division in a d. Those lines intersecting 
those previously drawn, will give tho required curve, which is 
a portion of on ellipse; tho upper part A Q is a continuation of 
the same curvo. 


BRICK AND TILE MAKING.—III. 

BY OIBBERT B. BEDQEAVB. 

BBICK3 ANT) TILES. 

As brick-making ia ono of the oldest arts, so also ore the 
appliances used therein amongst the most antiquated of any of 
our manufactures. Till ■witliiu the last few years machinery, 
which was working such wonders in other branches of industry, 
was wholly ignored in the brick trade; and its in-troduotion 
has been attended in many ports of 'the oonntty ■with the 
most disgraceful and scandalomi outrages and strikes. Near 
Manchester the bricklayers refused to use tho maohme-mado 
bricks, and struck work; and tbo operatives in the brick¬ 
fields placed needles in tbo olay to maim those who had to 
use it. Tito machinery was frequently maliciously damaged, 
and tho nnbumt bricAs trampled to pieoes and destroyed 
wholesale. 

Having in onr two former artiolos treated of toe jgepaiation 
of torra-ootta, we now propose to glance at the processes 
employed in briok-mnking. In former treatises it has been 
usual to give numerous and accurate details of the mode of 
making bricks by the common old-fashioned method of band 
moulding. We ■wish rather to treat of the mannfaotuze os 
improved by the use of machinery and modem appliances, and 
as practised in the neighbourhood of most of our large toms 
at tho presont day. The two principal prooeases of producing 
maohine-made bricks depend upon toe state of toe oW during 
tho operation of monldtog, and are kno'wn respective as the 
dry or semi-diy and the plastic processes. Of toese toe dry 
or semi-dry is ■too more recent, and too plastio the older method. 
It win rea^y be ■understood that in dealing ■with plastio day 
too qiaterial has, previous to its use, to be carefully temporw 
and prepared; and iu toe more perieot of toe plastio Wpk- 
maldng maohi^ we hare aocordiogly apparatus for effsoting 
this object. For the dry or semi-diy proooM ell toai is neoes- 
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may is to isdnoo the olay to a tolerably fine state of division, 
tvbioh can bo cheaply and readily done in an odge-mmier or 
vertioal mill ; the prodnotinn of bricks from this ground clay 
then merely depends upon tiie pressure which is apjiliud to the 
dust in the moulds ; for, as it is well known, nearly any homo¬ 
geneous substance when ground to a fine powder can bo consoli¬ 
dated to a surprising extent if exposed to grout pressure. After 
this brief outline of the two chief modem systems, we may 
proceed to examine more minutely the details of each plan of 
working, beginning with the dry process. 

The clay, as it comes from the pit or quarry, with little or no 
selection, and with no preparatory cxpusai'o to the influence of 
the weatlicr, is convoyed to the edge-runners or other machinery 
used to pulverise it. We have montionod the edge-runner, ns 
this form of grinding is most frequently resorted ti>, owing to 
its cheapness and simplicity. This machine, as used in the 
neighbourhood of Leeds, has the bottom of the pan porforatud 
with numerous small holes, through which the ground clay 
drops into the hoppers placed boncath it. Somctimc.s these 
mills have openings in the side of tlie pan, and in this case the 
contents are pushed by moans of siuapers on to bolts, which 
convey the materials to the sieves and elevators. .Some iirms 
use the disintegrator for grinding tho clay; and this machine, 
though it takoB a groat deal of x>owor, is an admirable and 
oSicient mode of grinding. It may be briefly described us a 
series of cinros of iron burs, which ore made to rovolvo rapidly 
in alternately different directions. Into the centre cage tho 
material to be ground is gradually introduced, and as it passes 
tlffough from cage to cage it comes in contact witli, and is 
carried round and round by the rapidly-moving bars, and dashed 
to pieces, oscaxiing Anally on the circumference of tho outer 
cage in a finely divided state. A six-foot disintegrator will 
crush 180 tons of hard clay in ten hours, at a cost of little more 
than 6d. per ton, which is far below the cost of any other 
method of grinding we know of. For a common class of brick 
it is not nqlipsary that the grinding should bo very fine, though 
a tolerably tmiform sixo for the grains of clay is of impotiatico, 
and it is usual, therefore, to screen or sift tho clay powder, which 
can be done for about a halfpenny i)or ton. 

There are many diy-process machines before tho public, and 
it would be invidious in such an article as this to single out any 
particular maker for special reference. Tho general principle 
arrived at in all cases is the same—namely, to provide a simple 
and expeditions plan of filling tlio moulds with tho powder, 
applying tho pressure, and of relieving tho mould, and finally 
of delivering tiio moulded brick. A simple and useful form of 
the dry press is that wliich lias a movable plate or table, which 
carries one or more moulds or dies. This table closes tho orifloo 
of a large hopper containing the ground clay: but, by a travers¬ 
ing motion which is imparted to it, the moulds which form 
recesses in it arc constantly carried back to tho hopper to bo 
filled, and, on moving forwards, the level surface of tho table 
again closes tho hopper. Tho moulds having been thus filled, 
and brought under the pistons of the press which cany the 
plates or pallets to form the top, oi-o then subjected to heavy 
BFCBsnre, either by means of steam, a hydraulic ram, a cam- 
wheel, or a stamping action, like that ‘of tho coining press. 
This pressuto or blow may take effect only on tho top of the 
mould, or on tho bottom, or on both surfaces combined, and 
need, of course, only bo instantaneous ; though we are inclined to 
think that better work is done by a slow and gradually increas¬ 
ing weight, like that given by a earn, than a rapid blow such as 
is given by a screw-press. Having received tho pressure, tho 
* briok is then forced out of the mould, either upwards to the level 
of the table, by causing the bottom of the mould to rise, or 
downwards by dropping the bottom plate with thonowly-fcnned 
brick upon it. Wo like those machines best which lift “the 
briok to the level of the table, and then, with a sliding arm, 
propel it to the edge of the table, in a convenient position^ for 
removal, while the next one is being pressed. Such machines 
are termed solf-dolivoring j " and in some a series of rmmers, 
covered with flannel, convoy away tho newly-formed bricks. Of 
course, in all the machines where tho brick is mode under pres- 
sttBB, ttie moulds have to be vary strongly made of metal, and 
bave also to be oonod or sloped sligh^ outwards, in order to 
admit of the ready removal of the mick. Another matter 
whicdi has to be attended to is the ailing of tho mould. This 
■bould taka place very frequently, if not after the withdrannl 


of every brick. The best maohiaes are so arranged as to oil 
tho mould each time with a brush or piston, which is in constant 
contact with oiled waste or wooL Maohines of this kind are 
known os “ self-lubricating.” 

It will readily ho miderstood that as the clay for making 
pressed bricks in the way wo have just described is used almost 
dry, they do not require to be “ haekod” or stacked very long 
I before they are ready for firing. Indeed, if tlie clay is used in 
j too moist a state the water is squeezed out of it in the press, 
and its shape and appearance is siwilcd. The oonsiBtenoy of 
I tho pressed brioks on leaving the mould is such that they can 
I very readily bo handled and built up in hacks to dry. Wo are 
I convinced that there is no kind of kiln better adapted for drying 
I and firing bricks than lluffmann’s; and wo shall, therefore, in 
I tho first instance, describe this class of kiln. The upper surfaoe 
! of this kiln, on being roofed in, forms a most convenient drying 
I floor for the bricks, and they may bo wheeled up here from 
I the pressor, and stacked for a day or "two so that they may 
: become thowjughly dry. 

I Tho so-called ” annular kiln” o.ousists of a series of oom- 
■ iiartments sutrounding a central chimnoy, and tlioso compart- 
' incuts arc so arranged that they can bo connected together or 
I separated from one another at pleasure by moans of movable 
I Borcens or partitions; and each aom)iartmont can in succession 
I bo jdaced in connection with, or cut off from tho chimney by 
I an arrangement of damijors. At tho upjw xmrt of each com- 
{ partment are numorons small orifices for tho introduction of 
j tho fuel, and a door through the side wall of tho kiln gives tho 
I moans of filling and removing from each section tho materials 
I to bo burnt. The kiln may with advantage consist of from ten 
I to twenty comiMirtments, each one of which would hold on an 
average 15,0U0 bricks; and tho kiln, when in full work, may be 
filled and emptied at the rate of one compartment in every 
twenty-four hours. In a kiln of such a size as this the action is 
somewhat complicated and difilcnlt to cxidain. We will endca- 
vonr os briefly as possible to indicate tho mode of working a Hoff¬ 
mann kUn with sixteen compartmeuts. Starting from any one 
section, wo will number them for refcronco from 1 tf> 16. If wo, 
therefore, take No. 1, wo shall have No. 16 on one side of it and 
No. 2 on the other. Supposing the kiln to be in full working 
order, No. 16 would be in progress of Injing filled with green er 
nnbumt bricks, and from No. 1 they would bo “ drawing” or 
emptying tho burnt brioks. The compartments 8 and 9 would bo 
about in full firing, and the flue connecting compartment No. 15 
and tho chimnoy would bo open, while Nos. 15 and 16 would be 
separated by means of a temporary soreon of iron plates. The 
air to support tho combustion would thus be entering the kiln 
through the door of section 1, and, passing through compart- 
' ments 2, 8, 4, 5, and 6. it would assist in cooling tlicm, and in 
return tako up much of their waste heat. Tlvroiigh the holes in 
tho roof of tho 8th and 9th compartments the fireman would 
bo introducing the fuel, and the heat passing from those two 
compartments would probably have made Nos. 10 and 11 nearly 
red hot, though no fuel had as yet been put into them. This 
heated air, in passing through 12, 13, 14, and 15, would bo 
cmjdoyed in driving off tho moistnro from the green bricks, the 
15th compartment having only boon filled on tho previous day ; 
tho waste heat and steam would then csoupo from 15 through 
tho flue into the chimney. If our readers have boon able to 
follow us in this description, it will reatlily bo seen that wo have 
hero the moat favourable condition for economical working; for 
the heat given ont bv tho brick in cooling is all oarried forward 
and utilised in tlio firing, and tho superfluous heat from the 
firing is made to “ smoko” or drive off tho moisture from tho 
unbumt bricks. Tho mode of loading each compartment does 
uot difl'er very much from an ordinary circular or flue kiln; it 
is only noccasBTy in tho lower port to leave free Bpaoo.s among 
tho brioks for tho passsigo of the draught, mid to arrange an 
open hole or fireplace beneath each of tho feeding orifices in tho 
top or roof of Uio oompartmont. Thoso vertioal flrejilaoos are 
kept exactly true by dropping a plummet tbroogh the opening, 
and it is customary to arrange a number of lirie.ks in each one 
projecting slightly forward to servo as lodge.s on which the 
cool-slack or dust used as fuel may rest, instead of all falling 
in a lump to the bottom. In consequence of tho admmble 
way iusvhioh tho heat is ntiliaed in these kilns, tho quantity of 
fuel for a given number of brioks is extremely small—not 
more than from 3 to 5 cwt. of slack per thousand, while in the 
. ■» 
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old form of kiln a oonauniption of 15 cwt. was not coneidored 
exeosatve. 

The Hoffmann kiln is an almost porfeot smoko-consumer— 
indeed, the presence of onjr smoke is at onoe a clear proof that 
some part of the operation is beingr mismonag'ed—and it does 
its work Tery uniformly, that is, the contents are vary regu¬ 
larly and evenly fired. The chief objeotionB which are brought 
forward against it arc its great cost (from ^3,000 to £4,000), 
and the fact that it necessitatos a very large and constant 
make, as it cannot be stopped for a day or two when trade is 
slack, but must bo kept oontinnously at work. Bricks made 
in the way we have described can be produced in a shorter time 
than those used from plastic clay, owing to the shorter time 
they take in drying. Thus, olay dug on Monday is mode the 
same day into bricks, which would, under ordinary conditions, bo 
dry enough on Tuesday to go into the kiln, and on being bricked 
up on Wednesday in a sixteen-compartment kiln they would be 
drawn on the following Saturday fortnight. The bricks mode 
by the dry process, though generally truer and bettor in form 
than those made from plastic clay, lack the toughness and 
strength of the latter brick, and are readily broken by a smart 
blow with the trowel in setting, especially if they are slightly 
under-burnt. This seems to be owing to a wont of due cohesion 
between the particles of olay, as the fracture of such bricks 
looks gritty, like stone, and moreover, their outer layer is often 
much harder than the interior. 

The dry procese lends itself very well to the preparation of 
the Bo-callod ooncrete brioks, or bricks which roly for their con¬ 
solidation upon the setting power of lime or cement, and not 
upon firing. In the neighbourhood of dwolUng-honses the 
burning of bricks gives rise to many noxious gases and smells, 
not to mention the dense black smoke, and ^ore is no doubt 
that sooner or later briok-fields will all bo banished from the 
outskirts of inhabited districts. With this probability in view 
several mannfaotnrors have sot to work to discover the best 
way of making bricks from lime and sand or Portland cement 
and sand, which might in a few days after making become hard 
enough to use for building purposes; and owing to the vastly 
increased resistance of cement concrete made under pressure, it 
seems likely that this problem is on the eve of being solved. 
Tbns, a mixture of one part of Portland coment and eight parts 
of sand ganged very stiff, or with a very small proportion of water, 
on being submitted to a pressure of twenty tons in a mould, set 
very rapidly, and in four or five days was ready for use. The 
economical aspect of this mode of manufacturing bricks depeads 
upon the entire saving of fuel, the decreased amount of manipu¬ 
lation which is requisite, and the rapidity with which the article 
can be prodnoed. All danger in the drying and firing are liko- 
wise avoided, and the brioks are all exactly nniform in weight 
and appearance. The detects of tills system are the difficulty of 
mixing intimately the sand and the cement, the dinginess of 
oolonr, and the weight of the resultant bricks. We think, 
however, that all these objections may be shortly overcome; 
and we hope to see ooncrete bricks before long in general use. 
It is obvious that the mode of dealing with tiio oomont is the 
same as wo have desoribed tor the semi-dry clay. 

We may now consider the manufacture of bricks by the 
plastic process, which, we may add, is by for the most common 
of the two. For this purpose the olay is usually dug or “ got ’* 
in the autumn, and allowed to remain in shallow heaps through 
the winter in order to “ fall,” though many manufacturers now 
look upon this as an exploded tradition of the trade. To temper 
it thoroughly, the clay is passed through horizontal rollers set 
to Tsrions gauges, which break up the hard lumps, and from the 
rollers it is passed into a png-mill, wher<j, under the action of 
knives or cutters, and with the addition of water, it is brought 
to a waxy oonsistoncy. In some machines the olay is forced 
oat of &e pug-mill in a stream of snitablo size for cutting up 
into bricks, say ton inches by five mohes. This stream of clay 
is condaoted on a series of flannel-oovorod mnnors, and is from 
time to time ont up into slices three inches thick by means of wire 
outtors monnted in a frame, which con be made to move across 
and divide tiie olay into bricks. In other brick mochines the 
day from the png-mill is passed into a cylinder, where it is 
snbjeoted to odnstderable pressure, and squeezed ont into a 
stream, whioh.is then ont up into ^oks by a wire traversing 
across the clay. Hi onr next article wc shall deal with other 
plastic processes, and some of the many varieties of brick kilns. 
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MACHINEET USED IN SAWING TIMBEE. 

THX CIBCVLAB SAW. 

Ahobo the most useful pieces of machinery used in the oon- 
stmetive arts the saw takes high rank. Without its aid it 
would be impossible, or nearly so, to cut up a tree or any large 
mass of timber into planks, or smaller pieces suitable for the 
purposes for which they may bo required. But powerful as the 
saw may be in all its variations, from the tenon and keyhole 
saw to tile long lithe blade worked by two sawyers in a pit, the 
work that is done by it, when set in notion by manual labour, 
is slight when compared with that which is effected by it in its 
modified circular form, driven with groat rapidity by mechani¬ 
cal applianoos or by stoam or water power. 

The cironlar saw is a disc of thin steel, oontaining teeth on its 
oiroumference. The magnitude of the teeth depouds very much 
upon the ohoraoter of the wood wbieh the saw is intended to bo 
employed in cutting. They arc generally very much larger 
than ^e teeth in the ordinary liand-saw. The oireular saw is 
mode to revolve with very great velocity, and the wood to bo 
acted upon is brought against its oirenmferonoo. In order to 
estimate the relation of the power which the saw oxeris to its 
velocity, we shall enter into details with refeienoe to the small 
oireular saw represented in the next page (Fig. 1). What wo 
have to say with reference to this saw we shall afterwords 
apply to largo oireular saws worked by moans of stoam-eng^cs 
or water-mills. 

C T is a heovy fly-wheel, containing a groove in its oiroum- 
ferenoe for the reception of n band, a b is a treadle, which is 
worked by the foot. This treadle is mounted on a pivot at a, 
and at b tee uonnecting-rod b r is attached to tho crank o v : 
and tec alternate motion of the treadle tens produces a rotatory 
motion of tee wheel. The wheel must be tolerably heavy, 
because it is only during the down-stroke of tee treadle 
teat tee force is communicated to tec wheel, and therefore the 
inertia of the wheel must suffice to cony on the motion daring 
tho up-stroke. This arrangement is similar to that already 
mentioned in tee lathe. The band which embraces the fly¬ 
wheel passes upwards to a puUey, o. This pulley is very much 
smaller than tee fly-wheel. We shall suppose that tee imllcy 
has only one-tenth the diameter of tee fly-wheel, and therefore 
tho pulley will perform ton revnlntions for each revolution of 
the wheel; on tee same spindle which oarries tee pulley o tlio 
cironlar saw B Is monnted. This saw therefore revolves with 
tee pnUey. The saw passes through a slit in the table upon 
which tee block, s, to be sawn is placed. In order to examine 
tee forces and velocities at the different points of this machine, 
we shall give dimensions to the different ports. Let A B, the 
treadle, bo 2 feet long, and let tee pressure bo applied at the 
point D, midway between A and b. Lot the crank, c p, be 2 
inches long, the diameter of tho fly-wheel 20 inches, tee diameter 
of tho pnlley 2 inches, and tee diameter of tee ciroidar saw 8 
inches. We shall also suppose that the average pressure exerted 
by the foot upon tee treadle is 30 pounds. 

The point b oscillates through a space which is very nearly 
doable the length of tee crank op. d moves throng half the 
distance through which b moves, since A d is half of a b. 
Hence for each revolution of the wheel, the mean pressure of 30 
pounds is appUed through a distanoe of 2 inohes, and tee);efore * 

30x 4 = 6 • 

unite of work ore imported to the wheel at each rovolation. 

*^0 circular saw has in its dreumferenoo a length of • 

2 X 8 X =50 inches very nearly j 

7 

and since a drcniar saw makes ten revolutions for each revo¬ 
lution of tee fly-wheel, it follows that tee edge of tee saw '(rill 
move through 600 inohes while tee power which gives motion 
to tee machine has only moved though 2 inches. Hence 
the magnitude of the pressure whioh the margin of tee saw i8 
capable of exerting is f 

^ = 0*12 ponnds, or nearly S oz. 

In tee use of an ordiaaty hand-saw, the oarpester is con- 
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adous of exerting a forco of se^oral pounds in sawing a 
plank which can be ont just as easily and as rapidly by the 
use of a circular aaw when the pressure of the acting parts 
of the saw only amounts to a few ounces. This dilTorence is to 
bo attributed to the great velocity with which the circular 
saw moves. 

If we make the fly>wheel move round once in a second, the 
margin of the saw will travel 500 inches in a second, or about 
2,500 feet in a minute. Lot ns Bni>poBo that the wood is cut at 
the rate of 1 foot per minute by the circular saw; then each 
revolution of the saw will have to out about the two-himdredth 
part of an inch. The oirenmferonoo of the saw contoinB, wo 
shall suppose, fifty tfcth; thus, since in one revolution the fifty 
teeth have only to cut the two-hundredth part of an inch, it 
follows that each tooth 





has only to take a ont of 
about one ten-thousandth 
part of an inch. Thus a 
very small force alone is 
neooBsary for the purpose 
of urging the teeth of 
the saw to their work. 

This force is in the case 
wo have supposed about 
two ounces. 

Thoadvantage of work¬ 
ing at a high speed, witli 
small pressure and small 
out, principally depends 
npon the smoothnos.s and 
regularity with which the 
work proceeds under these 
circumstances. The cir¬ 
cular saw itself becomes 
a sort of fly-wheel, and, 
by its high velocity, is 
able to move uniformly, 
notwithstanding the small 
cluuigos in the resistance 
which are never absent 
from such a process as 
sawing. In sawing logs 
of wood into planks a 
series of parallel saws, 
which make several cuts 
siiunltanoonsly, are em¬ 
ployed. The mode by 
which the saws arc moved 
is very simple. The seve¬ 
ral blades are mounted 
in a frame which moves 
vertieally upwards and 
downwards in guides. 

Tiieso saws ore strained 
hyswedges to the proper 
degree of tension. Kecos 
of wood of the exact 
width of the planks re¬ 
quired are placed between _ _ 1 1 

oaoh pair of saws, and the whole series is bound together tightly. 

The melanism which gives motion to the frame is shown 
in P}g. 2. o » is the frame, of which one saw, c D, is represented; 
k is thj extremity of a shaft which curries the crank a b.^ This 
crank is attached to the end of the frame by the oonnecting-rod 
B c. Thus, ns the shaft rotates, the frame oscillates backwards 
and forwards, and outs the wood which is brought against it. 

Spoofal mechanism must bo provided hy which this log which 
is being sawn into planks shall bo carried forwards during 'tte 
operation. We shall first examine into the conditions which 
must be fulflUod by a porfoot apparatus for administering the 
feed, and then wo shall describe some of the different machines 
which are employed for the purpose. To saw uniformly, it is 
proper that each tooth should have to make a cut of the same 
^epth, the amount of that depth dependmg npon the quality of 
the wood and the magnitude of tho log i^ich is being operated 
apon. Tho frame c d, end therefore the saw which it carries, do 
not move uniformly. When tho extremity of tho connecting-rod 
hi at B, the satr is then at its higheBt point, and its velocity at 


Fig.; 
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that point vanishes. When the crank moves towards u, the 
velocity of the saw gradually increases, until the angle between 
the orank and the connootlng-rod becomes a right angle; nearly 
at this point the velocity of tho saw is a maximum. As the etuuk 
continues its revolution tho velocity gradually diminishes, until 
it beoomes zero at tho bottom point, u. The orank then oseonds 
through the semicircle h k e, and raises the frame, the saw 
ceasing to act during this part of the motion. Thus during 
half the time tho machine is working the saw has ceased to aot 
entirely, and during the remainder of the time tho action ia 
variable. Tliese points determine the character of the motion 
which gives tho feed. During tho up-stroko of tho saw the feed 
must evidently cease altogether ; during tho down-strokedhe feed 
must bo so applied that each tooth of tho saw shall have the some 

cut to make. It is evident 
^ that this will not be the 

case if the feed be uni¬ 
form during tho down- 
stroke. Tho velocity of 
tho middle teeth of tho 
saw daring tho down- 
stroke is greater than 
the velocity of the ex¬ 
treme tooth; hence, if 
tho velocity of feed wore 
uniform, each of the ex¬ 
treme tooth would liavo 
to take a larger cut thau 
IIlo central teeth, and tho 
work would not proceed 
with uniformity. The 
velocity of tho feed dur¬ 
ing the down-stroke must 
bo so regulated as to 
bear a constant propor¬ 
tion to tho velocity of 
the saw at tho same iii- 
staTit. 

Wo shall now describe 
some of tho different ar¬ 
rangements which arc in 
use for tliu purpose of 
regulating tlio feed, in 
accordance with the con¬ 
ditions wo have detor- 
inincd. TIio iraraodiato 
arrangement liy which the 
niotiiin is given to tho 
timber is by means of a 
pair of rolloi’S, betwcou 
which tho log is tightly 
held; one of those rollers 
is acted upon hy some 
one of tho difforent pieces 
of moolianism which we 
shall now oxiuuino. 

The annexed figure 
(Fig. 3) represents one of 
the most usual forms of 
apparatus. A is a ratohed wheel, which ia oonneoted with 
one of the rollers by which tho wood is advanced to bo cut. 
This ratehed wheel is moved by the tooth D k, which is attached 
to the arm B o, turning around tho centre B. It will easily he 
understood from tho figure that when D e is pushed towards 
the ratehed wheel this wheel is advanoed, while when n E is with¬ 
drawn from tho wheel it will fall over tho teeth without moving 
the wheel. It is therefore necessary to provide a reciprocating 
motion for tho arm b o to move tho piece D e. r s is a di.so 
which is turned round by tho machinery-which works tlm saws, 
F K is a aorew turned by a handle at b, which carries o nu 
Q. Tho connecting-rod t C is attached by a pin, about which it 
cun move freely, U> tho nut q. When the wheel f R rototos tho 
nut q describes a cirolo of which P is tlie eonto. 
soquonoe of this motion of the connecting-rod i 
point C js made to oaoillate backwards and forwards, and thus 

work tho ratehed wheel. ■ 11 

We shall now explain how this oontnvanco is able to produce 
motion of tho ohornoter whic’i is required for tho feed, and 






Tho cen- 
that the 






270 


THE TECHNICAL EDUCATOE. 


then VO ohall otplais the object of the sorev whose boaringo 
ate embedded in the wheel. ITio point c moves in the arc of 
a drole, of which b ie the centre. The distance through whidi 
c moves is, however, smaU in comparison with tho length of 
the arm n c.> Hence we may without appreciable error consider 
that tho point c moves in a straight line perpendicular to b c, 
for a small are of a circle differs very little from tho chord of 
that circle. Since, therefore, one end of tho rod c q moves in 
what is practically a straight line, while the other describes 
a complete circle, tho motion of tho point c must bo exactly 
similar to that of the frame and saws in Fig. 2. In fact, tho 
frame is moved in a straight lino by a connocting-rod, tho other 
end of which describes a circle. It follows, therefore, that the 
motion of c is similar in character, though, of course, ilifforoiit 
in extent to tho motion which actuates tho saws. 

Tho point 1> moves in a similar manner to tho point c. This 
will easily bo proved by drawing a consooutivo portion of the rod 
n C to tho position shown in tho figure. It will then bo found 
that the old and now portions of tho point u form with n a 
triangle fdmilar to tito old and now portions of the point i) and 
the point n. Hence the point d moves backwards and forwards 
with a motion similar to the movement of tho saw-frame and 
tho saws. 

By means of tho piece D B, tho motion of tho point i> is 
imparted to the ciroumforenoo of tho wheel A. While e is 
recoding, tho piece drops from one tooth to tho next, and the 
wheel romains at rest; this is arranged to take place when the 
saw is being raised, and is therefore out of action. When tho 
saw descends, tho piece u k is moved forwards with a motion 
which gradually accoloratos as tho velocity of tlio saw accclo- 
ratos, and then gradually comes to rest as tho cut of the saw 
draws to a elose. Thus tho food is adjusted so that tho work 
proceeds with the utmost uniformity. Tho object of tho detent 
n X is to prevent any motion of the ratohed wheel when tho 
pieoo D K is being drawn baokwarda. Wore it Jiot for this 
piece, vibration or other cituses might drive tho pic<-n of timber 
from tho saws daring tho up-stroko, and thus tho next out would 
bo less than the pro]ier amount. 

So fur wo have only described the means by which tho right 
character of the feed is given; tho actual magnitude of tho feed 
is determined by tho position of tho nut upon tho screw. Tho 
omonnt by whioh the Umber is advanced at each cut depends 
upon tho number of tooth taken up by tho piece D E. This 
depends upon the distanite through whioh n moves at c.ach 
vibration, and this again depends upon tho distance through 
whioh c moves. The length of the path which c describes is 
equal to the diameter of tho circle described by tbo nut Q. 
liiiB will easily bo understood from Fig. 2. It is there evi¬ 
dent that the- saw-frame oscillates through a space equal to 
tho diameter of tho circle described by the extremity of tho 
crank, prooisoly similar to tho motion of tho rod c Q in tbo 
present case. The point c describes a space equal to twico 
J* Q. Now, by moans of tho handle K, tho nut q can bo ap- 
X>roached to tho centre p or withdrawn thorofrom; and thus 
tho ampUtndo of the path described by c is capable of tha 
most oomplotc" control.! Tho handle le can, of course, bo re¬ 
moved when tho adjustment has boon mado, so as not to inter¬ 
fere with the revolution of the wheel and tho motion of tho 
connocting-rod. 

The only objection to the use of tho apparatus wo have 
described is tliat great oxaotness of adjustment of tho cut is 
not attainable. The iiioce d e can bo mode to ta.ko up any 
integral number of teeth, but cannot, of course, take fractional 
parts. This iuoonvoniouco may be to a great extent obviated 
by having tho teeth very small and numerous: in this case, 
though only an integral number can still be taken, yet a nicer 
approziniation can be mado to the capabilities of the machine. 
Bat a far more elegant arrangement is found in what is known 
as the “silent feed.” By tho use of this appliance the feed can 
bo adjnstod with tho utmost delicacy. In foot, tho oontrivanco 
is equivalent to a ratohed wheel with an infinite number of 
teeth. 

In the present series of lessons we have mode many refer- 
onoos to the force of friotion. Tliis force generally appears as 
a fores of resistance to motion; but not ui^requently this very 
force is made the means of producing motion. H we have 
two pieces in oontaot, one of them may have motion without 
moving tho other piece when potion is abaent, while when 


friction is present the motion of ono piece of neooseify oon- 
strains the motion of the second piece also. Hero we have 
friction as tho direct canao of the motion of tlio second piece. 
It is this ptinoiple whioh is applied in the use of tho '* silent 
feed ’’ for sawing machines. 

In Fig. 4, Q is the centre of a wheel which, when the silent food 
is used, retilacea tho ratohod 
wheel which is attached to 
the roller that moves tho 
timber. This wheel has a 
rim on its ciroumforonco—it 
is, in foot, part of a cylindor 
whoso axis is jioriiendicalar 
to tho plane of tho power, 
and i)asses through q. Tho 
object of this rim is to 
enable tho nipping appa¬ 
ratus to x)aMS clear of the 
sx)okus of the wheel. 

M N is a saddlo which 
slides ui)on tho outer circum- 
foronco of tho cylindor; A c e 
is a lever centred at o. H K 
i.s a piece which fits very 
closely on tho inside of the 
cylinder. A b is tho con- 
ncctiiig-rod, which is made to move in the same manner as tho 
cionuocting-rod lu tho ratohed wheel. When A b is moved in the 
ilircctioii pointed out by the arrow, tlio pieoo n k is pressed 
firmly against the inside of tho rim, and the friction is sufficient 
to make tbo saddle and the wheel move in ono piece j thus tho 
motiim of the connocting-rod makes tho wheel revolve precisely 
as in the case of the ratched wheel. On tho return motion of the 
connecting-rod, tho piece h K unlocks, and tho lover A E is met 
by a stop on the saddle I’, which rostiniiis its motion from again 
locking P K ; thus on the return the wheel remains at rest. By 
means of the screw already described, the distance through 
which the saddle moves upon the rim can be adjusted with tbo 
utmost delicacy, and thus tho magnitude of tho feed is under 
tho most ijrocise control, h is a stop whioh is acted upon by 
tho screw 11 . When b is screwed up, tho saddle is unable to 
lock, anil tbo inccbanism is thrown out of gear; this is equiva¬ 
lent to mising tbo piece D E from the ratchod wheel. 

A second sadillo and friction-piooe is fixed upon tho rim, 
so as to discharge tho function of tho detent H K in rcstraiu- 
hig tho motion of tho wheel during the up-stroko of the saw. 

The machinery which wo have described ns used in tbo 
sawing of timber contains tho principal contrivances to be met 
with in saw-tniils; hut space does not permit us to treat of 
several minor details. 


CIVIL ENGINEERING.—IX. 

BY E. G. BAKTHOLOMEW, C. E., M. S. E. 

BOCKS. * 

The ‘Victoria “ London ” Docks deserve a special notice, on 
account of the magnitnde and perfection of the works carried 
out in nonneetion with them. They occupy a position in a direc¬ 
tion cast and west, across a promontory separating Galleon’s 
Kcach on the oast from Bngsby’s Reach on tho Vest; the 
original idea in placing the docks in this locality being to afford 
them an entrance at each extremity, opening into either veaoh, * 
whereby the entrance and departure of vessels would be ^oafjjy 
facilitated. Tho original oonoeption has not os yet been oarriod 
out, but tbo land necessary for completing the undertaking has 
been imrobased by the oompany. 

The docks now in operation occupy the western portion of the 
promontory, and possess a water-area of nearly 100 acres, of 
which tho main dock alono exhibits a magnificent sheet of 
water of 80 acres, whilst tho tidal basin and ontranoo-lock 
exceed 1G acres. 

Tbo basin and dock tc^ther are 4,050 feet long, and 1,050 
feet wide at tho level of high-water mark. ‘Vessels enter by 
two pairs of look-gates' from the Tliames into the tidal basin, 
whioh is separated by a dumb jetty, with a single pair of gates, 
from the main dock. In the latter are four jpttiea, projecting 
581 feet into tho dock on the north side, for the loading .and an- 
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loading of veBBels. Each jetty is 140 feet tride, and there in a 
gpaoe of 480 feat between them, with 550 foot of water inter- 
Touing between the most easterly jetty and the eastern boun¬ 
dary of the dock. By this arrangement qnay-room equal to 
nearly throe miloe is provided. 

The bottom of the basin and main dock is 24 foot below 
Trinity high-wter mark, whilst the depth gradually increases 
to 26 feet 8 inches in the channel leading from the lock to tho 
basin, diminishing 2 inches on the sill of tho inner gates, and then 
increasing to 28 feet on the sill of the outer gate, and through 
the entrance into tho river j the moan fall of tide at tho entrance 
is 18 feet. 

Tho top of tho copings of tho entranco and entrance-look 
walls corresponds with the level of tho old river bank, which 
protects the marsh-lands in this locality from tho overflow of 
the tido; and this, is maintained at the height of 5 foot ab(>vo 
Trinity high-water mark. 

Tho soil which was excav.ated for tho formation of the docks 
consists of a stratum of yellow and blue clays of various tliick- 
nosses, altogether about from 5 to C foot deep, then a stratum 
of peat from 5 to 12 feet thick, and Ihcn a bod of gravel lying 
upon tho London clay, tho gravel varying from 7 to 10 feet iii 
depth. Tho Solid clay was thus found at an average depth of 
37 feet below Trinity high-wator mark, and C iuohos below ibis 
tho brick-work of the gate-platforms was laid. 

Tho side-walls of the look and entrance are thronghout con- 
steuotod of cast-iron pUiug and plates, backed with ooncrotoj tho 
only omissions being where tho brickwork is inserted for tho 
gates. The piling slopes 2 inches in tho foot, and tho copings 
opposite tho iron pilings are SJl foot apart. There is no slope 
or batter given to tho brickwork, and ilio walls arc 80 foot 
apart. The dimensions of tho lock-chamber aj'c, 32(! feet (! 
inches long from gate to gate, 80 feet wide at bottom, with 10 
feet depth of water on tho sill at low water. Tlic piled and 
concrete walls rocomnicncc at the extremity of tlin brickwork 
which forms tho sides for tho entrance-gates, and is carried 
forward for nearly 400 feet upon the loft hand of tho entrance, 
and 160 upon the right hand. Wo have in a former paper (No. 
VIII.) alluded to the iron piling and plates employed at Bruns¬ 
wick Wharf, Blackwall. That employed at tho entrane.es and 
lock-chamber of the Victoria Docks is somnwhat similar, and 
wo will now enter into tho details of its construction, as being a 
matter of groat importance in marine engineering. Thu cast- 
iron piling is formed in bays, which arc 7 feet 1 inch from centre 
to centre of the main piles, the space intervening boiiig lilted for 
a distance of 15 feet from tho top hy three cast-iron plale.s. re¬ 
tained latcr.ally by the ridges of the main piles wdiich stind in 
front of thorn ; the space below the plates being occupied by four 
cast-iron sheet piles, on tho top of which the lower jdato rests, 
the lower edge of the plate being formed with a fillet, which 
overlaps and hides the top of tho piles, and holds them in their 
position. In Fig. 16 wo give elevations and sections of tho 
plates and piles. The plates are strengthened at the back by 
cross-feathers, A a a, and fit one into tho other by overlaps as 
seen at n b in tho section. Tho main piles (Pig. 16) are e.ach in 
t^vo lengths, tho bottom portion being 2.'j feet long, and^ 18 
inohes wide on the face. They are strengthened l>y two vertical 
feathers or flanges (c c in tho section) at the back, 8 inches 
deep, 12 inohes apart, and 2 inches thick. Tho upper pile is 
12 feet 8 inches long, and 18 inches wide, and is similar in 
section, l»it lighter in make. The two fit one into tho other, 
tho top portion being east with fish-pieces, p p, for the p irposo, 
, an3 bolted together through tho fish-plates. The sheet piles 
are in one length of 20 feet, somowhat similar in section, but 
^nished with a lip, l (Fig. 17), on one side, to overlap the 
adjoining pile. In the rear of each main pile, and at a distance 
of 18 ^ert from it, a timber tie, 20 feet long, is driven to the 
some depth as the cast-iron pile. Through the head of Ihis tie 
two wrought-iron rods, 2 inches in diameter, arc passed, and 
secured by washer-plates and nuts. Tlio lower tie-rod is eon- 
nootod with the npi^er end of tho bottom portion of tho main 
pile by moons of an eye-bolt passed tlirough the hole n (Fig. 
16); and the upper tie-rod with the upper portion of the main 
pile at a distance of 8 feet above the other rod in a similar 
BMtnner throngh the hole h'. Tho maiii piles ore driven 5 .Ceet 
Into the gravel, and tho sheet piles 2 feet 6 inches. 

Between the inner gate end tho basin. Idle channel was exca¬ 
vated to a depth of 27 feet 8 inches below Trinity high-water 


mark, and the bottom puddled with ck^y to a thickness of 2 
feet. Tile oonorots at the book of tho iron plates is carried to 
tho same depth as the bottom of tho clay puddle, and the 
entire space between tho concrete and tho land-ties is filled in 
with gravel, well rammed. lu the lock-chamber tho gravel in 
the bottom was taken out down to tho olay, except at the 
sides where the piles are driven, and hero concrete is laid, 
sloping from the wall downwards towards tho centre, tho 
intervening space being filled with clay puddle to tho neocsBory 
level. 

Below tho ontraune-gato the concrete wall occupies tho entire 
space botwoon the sheet-piling and the Luid-ties up to a level 
with the tf)p of the latter, when it is reduced in thicknoss to 
about 10 foot, and then carried up vertically. Tho wharf wall 
is finished off at the top in front by a stono coping, 18 inches 
thick, and 3 feet broad. 

Ill consequence of the lAindon day forming an imporvioua 
toundatiun at a convenient depth under tho gate platforms, it 
was not iiceoshtiry to use inverts, but ordinary brickwork, in 
level courses, was employed. A suflioioui area for the respective 
platforms was laid bare down to tho London clay, and round 
those areas a single row of elm sheet piles, 16 foot long, and 8 
inches thick, was driven close to a depth of about 6 foot into 
the solid olay, and within tho areas so onoloscd tho brickwork 
of the platforms was laid- -in the case of tho lower gates to a 
thioknoss of 8 feet 6 inches in that part of the platform tra¬ 
versed by tho gates, and of !• foot 6 inches in tho remaining 
part; whilst in the case of tho upper gates, the thieknoss of tho 
brickwork is G feet 6 inches under the gates, and 7 feet 6 
inches in tho remaining part. 'I'he great object in soonring a 
perfect union between the briekwork and the clay is to iirevcnt 
the water from getting under tho platform and blowing np the 
brickwork ; the shoet-pdiug around effecting tho same object 
with regard to the side-joints of tho brickwork. Upon those 
admirably constructed platforms, tho side-walls are carried up, 
being bnilt of brickwork 20 foot thick, except where tho recesses 
for tho gates are left. 

Tho lock-chamber is connected with tho outer channel and 
the l>asin respectively by two cast-iron pipes, each 6 foot in 
<liatnotj-r, which form the medium for the passage of tho water 
for lining and emptying the chamber. Near tho middle of 
tlioso jiipea are placed tho poddies or sliding-plates for closing 
the passages. These paddles are of cast iron, faced with brass, 
and are lifted and lowered by bytlranlic iiowor. 

Tho gates, of which tbero are throe pairs -viz., two to either 
end of the loek-chaniher, and one in tho jetty sopaiiitiiig the 
basin from the main dock —ore constructed almost entirely of 
wrought iron ; the two foriner have each a span of 40 feet, and 
a height of 31 feet, au'l are very considerably curved, the veraed 
sine of the arc formed by them when closed being 20 feet, or ono- 
fourth of the span. The gates may in general terms bo de¬ 
scribed ns consisting of two skins of wrouglit iron, separated 
from one another by transverse plates, strengthened with angle- 
irons. Tlie joints being riveted and water-tight, each gate 
jjossc.=scB a low siiocific gravity in water. The curvature of tho 
inner and outer skins is dillbrent, the outer curve being an 
arc of a circle having a radius of 5(* feet, and tho inner that of 
a circle whoso radius is 50 feet Oa inches ; tho rosult of this 
flatness in the inner curve being to make each gate thicker iu 
tho middle than the ends, tho ends being 24 inches apart be¬ 
tween tho skins, and tho middle 36 inches apart. Tho skins 
are kept apart by a series of horizontal plates, varying in 
vertical distance from each other, being nearer at tho bottom, 
and inerno-sing in distaneo towards tho top. The bottom plate 
is three-quarters of an inoli tliiok, and to it is sccurod tlio 
timber whieli meets the sliutting-sill, the latter being of cast 
iron. Tho ether jilates are half an inch tliick, and are con¬ 
nected to the skins by T and angle irons. Tho interior 
of tho g.atG is further strongthonod by vertical platc.s, which 
pass continuously from tho top to the botlom, intorsectmg 
each horizontal plate. There ore two of tho.so vertical 
plates in each gate, thus dividing the entire gate into three 
nearly equal vortical divisions, irrespective of tho horizontal 
divisions. It is obvious that by this arrangement^ tho gate 
bcooraoB a structure of exceeding strength, combined with 
great lightness; and tiio lar^ space which exists between 
the various diaphragms permits of aoeess to all parts of tho 
interior for cleaning, repairing, etc., by means ef mon-boles. 



272 


THE TBOSNIOAL BDUCATOE. 


whicli each oompartment is provided irith. Covers also axe 
provided for the man-holes, and thns the requisite amount of 
weight Or power of flotation is given to the gates by the intro- 
duotion or withdrawal of watw. The thickness of the skin 
varies from about three-quarters of an inch at the bottom to 
three-eighths of an inch at the top. It consists of wrought- 
iron plates, riveted together, the plates being placed verti¬ 
cally ; every joint having a strip of iron both outside and 
insido, to ensure its being thoroughly water-tight. The hool 
and mitre posts arc of timber, strongly bolted to the vortical 
plates which form tho ends of the gates. Great care hod to 
be taken to prevent leakage into the gates through the bolt¬ 
holes. The gates are turned by hydraulic power, applied 
through the medium of a ohain 
1| inch diameter, communicating 
a maximum force equal to about 
7 tons per squoro iuoh of chain 
section. Tho chains are attached 
to the gates at a point 2 foot above 
low-water mark, passing through 
on eye-bolt having a sectional 
diameter of 2i iuchos, with an 
attachment to both skins. 

The pivot-oross upon which eooh 
gate rests and turns oonsists of a 
strong cast-iron cross, eaoh arm 
being 5 feet long from the centre, 
cast hollow upon tho under side, 
and having oak timbers 15 foot 
long fixed to each arm, the arms 
being soouroly fixed to the brick¬ 
work of the platform by 2-moh 
bolts, passing down through 8 feet 
of solid brickwork into thick cast- 
iron plates embedded in it at that 
dopth, whilst two of the arms of 
tho cross are bnilt upon by tho 
side-wall of the lock-chamber. The 
pivot itself is of oast-iron, G 
inches long, and aoenrately turned 
to a diameter of 11 inches. 

The shutting-sill, which is of 
oonrso curved to correspond with 
the iiinor curvaturo of the closed 
gates, is composed of eight cast- 
iron segments. Its section is that 
of angle-iron, 2 inches thick, but 
varying in height and broadth 
from 12 inuhos and 18 inches in 
tho ooutro to 21 inebos .ind 27 
inchoa respectively at the ends. 

At the oxtremities, tho sill is bolted 
to the pivot-oross. At every 2 
feet there is a book feather unit¬ 
ing the extremities of tho angle, 
in order to strengthen it. Tho 
sUl is bolted down to the brick¬ 
work by bolts passing up 
through it from a cast-iron plate 
laid in it at a depth of 8 foot 
at the time of building. Tho 
bolts are 2 inches and 1J inches in diameter, and eaoh segment is 
aeenred by ten of tho former and five of tho latter. 

The position of the rollor upon which a gate rests must be 
doterminod by a consideration of the proportion of tho weight 
of tho gate it is intended to bear. '- If it be placed quite ut the 
extremity of the gate—that is, near the mitre-post—it is obvious 
t^t the weight of the gate is fairly divided between it and the 
pivot; and tho nearer it is placed to the latter, the greater is the 
proportion of weight resti^ upon it, until when it lies in the 
intersection the vertical planes passing through the centre of 
tho pivot and the centra of gravity of the gate, in whioh position 
it bears the entire weight of the gate. If the gate wore a 
straight gate, the roller would naturally be fixed somewhere 
under tite gate; bat in the oaae of a curv^ gate, there ore other 
oonsiderations involi^, and it has been found daeirable to 
plooe it outside tiie outer ourve. 'Hte rollers upon whioh rest 
tee gates wo have been speaking of are of oast iron, 7 indies 
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wide, and 32 inches diameter, and, by >n ingenious anange- 
ment, can at any time be removed for repaira. The roller-path 
is also of cast iron, 4^ inches wide and 8 inches high, having 
tee section of a bridge rail, and bolted through 15-inoh wide 
timber to cast-iron plates set in tee brickwork. 

Tho anchor or supporting piece for the upper pivot of the 
gates is of oast irou, in the form of a eextant, being 11 feet from 
tho centre of the pivot to the outer ourve. It is bolted down to 
immense bod-plates of iron sot 10 feet deep in the brickwork 
of the aide-wall. The strap whioh secures the gate to tiiis 
casting is of wronght iron, 7 inches deep, and 2 inches thick in 
the arms, but increasing to 5 inches near tho oentre, at the part 
which suffers from the friction of the xis. This axis is 18 

inohes in diameter, made of 
wrought iron, and riveted to a 
S-inch iron plate on the top of 
tho gate. The strap is adjusted 
in tho usual manner by keys. 

There is a alight differenoe in 
the size of the lower gates as 
compared with the upper and 
inner gates, but they ore all of 
substantially tho same character 
in the mode of oonatruotion. The 
gates which enolose the lock- 
chamber arc worked by hydraulic 
power, whioh is not ilie cose with 
tho inner pair, tho advantage of 
hydraulic power being seen from 
the fact that the lot^-gates can 
be opened in li minutes; tho 
latter have the sluices in tho gates 
themselves, and not in the side¬ 
walls. 

Upon each of tho five jetties 
alluded to in tho early part of this 
paper is constructed a substautiul 
warehouse, comprising an upper 
floor, a ground floor, and vaults, 
of nearly an aero eacli in extent, 
being 500 feet long and 80 feet 
broad ; and upon the space inter¬ 
vening between the roof of the 
warehouse and tho edge of tho 
jetty arc placed hydraulic cranes, 
nine cranes to each jetty. The 
most powerful crane upon each 
jetty is at tho extromity, and is 
capable of lifting 5 tons; the 
others ara 2-ion cranes. The 
side-walls of the jetties are vor¬ 
tical, and consist of oast-iron 
piles placed 7 feet apart from 
centre to oentre, wite 14-inoh 
Ipriokwork, sot in Bomon cement, 
filled in between the {files. ThS 
brickwork panels are inverted 
arches, tho concave side towards 
tho water, the inner surface being 
booked first with concrete and 
then with clay. Each i^cast-iron 
pile is 35 feet long, and weighs 1J tons, and is conneoted with 
its corresponding or opposite pile upon the other side of the je^y 
by two tie-bars of 2-inoh round iron and 140 feet long, fixed to 
the piles at 5 feet and 17 feet respectively below the hood of tht 
pile; the piles enter tho prrotind 4 feet below the bottom of tho 
dock. Tho foundations of tho jetty walls arc of concrete, ^ feet 
thick, carried up one foot above tho bottom of the dock, and npon 
this tee brickwork is kid. The top edge of tho wall is covered 
with a oast-ison piping, bolted down to the heads of tho piles. 

Tho ontiro dock poBseases 145 hydraulio cranes, the neces¬ 
sary pressure being obtained by two 60 horse-power steam- 
engines, oonsnming on an average 17 tons of coal per week. In 
order to convey the water-pressure from one side ^ the dock to 
the other, a onlvort is oorstmeted nnder the entrance from tbe 
basin to the look-chamber, terminating at each side in a well; 
in t^ onlvert tiie water-pipes are kid, tho same enlvert being 
made avsikble for telegraph-wires. 
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LINING AND QDABRYING.—X. 

BT SEOBaB UI.ADBTONK, B.C.S. 

IBON. 

} — WdlBX or BEVIBKBT—BBOCEB? — QUALITT OF 
;B’S KETAIi — PBDDUEa — THE EUUNACE—rBOCESS 
lABITT OP PUOSliBD BALL. 

now to deal with aomo very important oporationa for 
g the orade iron into a malleable artir-le, and to which 
ro-thirda of _ 1 


Buch being for foun¬ 
dry purpOBOS. The 
gpociolqualitioB which 
render iron ao pre¬ 
eminently useful are 
only brought out by 
the processes which 
have now to be de¬ 
scribed. 

The first step is rc- 
/niny, and then pud- 
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and back ore movable, the iron plates of which they cunaist 
being hung as folding doors. The floor of the hearth and Uie 
sloping piece e are protected by a coating of sand; and r is 
the running-out bod—a long, shallow mould made of iron. 

The fuel need in refining is either the purest coke that can 
be hod, or else charcoal; and the blast is supplied cold. The 
hearth is filled with coke, which is tliruwn in through the door 
at the back j upon this about 20 to 22 owt. of pig-iron are laid; 
and upon this again more coke is then heaped np. Fire is 
^ Applied, the doors 

course of about an 

> but tho twycTB being 

i pointed downwards 

I- ! upon tho surface of 

_ —n— ”11 ; tho metal at a oon- 

BllfflH sidorablo angle, tho 

liquid iron is kept in 

[ j I i |J ~ W ’""'IS iictivo motion, and 

- 1 U—u the whole is then 

G subjected to the 



!iD- 


Fig. 8. 







dling. There are 
modifioations of 
the second, by 
some of which 
tho first can be 
dispensed with; 
these are of recent 
introdnotion, and 
have not yet su¬ 
perseded tihe older 
plan. , 
li^ming. —The 
objedt of this pro¬ 
cess is to remove 
by eoxidation the 
foreign ingre¬ 
dients which ore 


Fi.,^. y. 


oxidising influence 
of tlio air. In the 
conrso of anotlior 
half - hour tho 
furnace is ready 
for tapping, when 
the iron and 
cinder, or slag, 
flow out together 
into tho running- 
out bod; the lat¬ 
ter, being of 
lighter specific 
gravity, rises to 
the surface; and 
tho cooling is ex¬ 
pedited by throw- 


^ uth,, COM •J™ 

«M, to b. dtWoriou. to tb. ™iM. Tho ntoorj or ronmoB- , .h.Ij ^ 

oat fire Will best be understood by reference to the accompanying | also ron , ' - .Ttiti.n pieces before being put into 

diagrams (Figs. 7 and 8), representing a sectional elevation and j as it has to be broken up into smau pieces oeiore oe 11 

gronnd-pton of one of thew furnace^ It will j *^ThT3nfd ” or finer’s motol, is no longer grey, having 

of a flat hearth. A, with sue wator-twyers pointing into it. Ihe ino renneu • carbon: it should now be 

Walls of the hearth at the sides and back consist of three hollow parted tb ^ silvery in lustre During the process a 
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containing 1‘27 per cent, of silioon and 0*93 per cent, of 
aalphnr, has yielded refined metal containing only 0‘14 per 
cent, of the former and 0‘52 per cent, of the latter. This gain 
in the quality of the iron ia not attained without a ooneiderable 
lose in weight, which varies from 10 to 17 per cent., though 
the iron and cinder together will exceed the weight of pig-iron 
operated upon. Thus a charge of orudo iron of 2,498 lbs. will 
yield 2,240 lbs. of refined metal and 325 lbs. of cinder, showing on 
increase of 09 lbs., due to the absorption of oxygon, and to tho 
taking up of some earthy matter from tho fuel, and sand from 
the floor of tho hearth, all of which must bo looked for in the 
cinders, together with the iron which has been lost. An analysis 
(of which the following cinder from Bndley ia a specimen) will 
confirm this. It contained— 


Protoxide of iron 




61-3 

Silica 

, 



37-6 

Alumina 




VO 

Phosphoric acid 

• 

• 

• 

7'2 

100-0 


This analysis also shows that tho iron from which it ramo has 
also boon relieved from tho prosenoo of a largo por-oentago of 
phosphorus. A slag containing so largo a quantity of metallic 
iron is, of course, not wasted; but is re-smelted or used for 
other purposes. 

Puddling .—^The finor’s motal now posses into tlio hands of 
the puddler, who employs another furnace of special construc¬ 
tion. It is made upon tho reverberatory principle, as shown in 
Figs. 9 and 10, which represent ono of these puddling furnaces 
of modern typo, in ground-plan and elevation. It will bo 
seen to consist of a fire-place, A, with a hearth, B, and flue, c, 
separatod by tho bridges d and e. The fuel is put into the fire¬ 
place through the aperture F, and the iron into the hearth by 
the larger one at o. This is ^losod with an iron door lined with 
flre-briok, which can bo raised at pleasure by a lever and chain; 
and tho top of tho flue is provided with a damper which can bo 
regulated in tho same manner. Through a small opening in tho 
lower part of tho door a, the puddlor introduces his long iron 
bars (the rabble and tho paddle) with which he manipnlntos tho 
iron. Tho former is a wrought-iron bar, about 8 foot long, 
rounded at the end hold by the puddler, with a piece of flat iron 
2i inches broad, and sot at right angles with the rod, at tho 
other. The puddle is rather lighter, with a bevelled edge at 
tho end, like a dull chisel. In this furnace the sides of the 
hearth, as diown as s and d, ore made of hollow iron tnbes, 
through which a stream of water is made to pass to keep them 
cool. The bottom of tho hearth is now always made of plates 
of oast iron, on tho under side of which tho air is allowed to 
oiroulate freely, with tho same object. Tho floor and sides 
of the hearth are covered with a bed of cinder called “ bull¬ 
dog,” either from previous puddlings or from tho refinery, and 
plastered over with a paste or “fettling” mode of red 
hematite or other oxide of iron. Immodiatoly below o is a 
smaller opening connecting with tho hearth, which is callod the 
tap-hole. The furnace being quite separated from tlio hearth 
by the bridge, cool is generally used us the source of boat. 

The operation of puddling, callod by the workmen “ a heat,” 
occupies from an hour to on hour and a half. About 4^ to 5 
owt. of iron are puddled at each heat. Sometimes refined metal 
is used elono, that is, when tho best qualities of iron are to bo 
produced; at other times it is mixed in vatiablo proportions 
with ordinary pig-iron. Some hammer-slag or mill-seale is 
added, which is ail tho bettor if it has become a little rusty, 
the object of it being to supply an additional quantity of 
oxygen. Tho refined and pig-iron having .been broken up into 
ss^ pieces, is piled up round tho sides of the hearth; tho fire 
is got up to its fnll boat by raising tho damper, and it ia left 
for about twenty minutes. By that time the iron is just begin¬ 
ning to melt, and tho furnace from this time onwards roquiros 
the oonatant attendance of tho piiddlw and his assistant. The 
temperature of the fumaco Ims to be carefully attended 4o; and 
the iron has to be continually stirred and worked with the 
rabble, so as to bring all parts of the charge to on equally pasty 
condition. This ocoupies about a quarter of an hour, during 
which tho damper is regulated so as to prevent the iron from 
becoming too fluid, when the “boiling” commoncee, atfd a full 
heat is again supplied. This apparent ebullition is duo to the 
oombinatioy of the carbon in the iron with tho oxygen supplied 


by tho hammer-slog or scale, and formation of carbonic oxide, 
which is volatilised, and causes the iron to swell up in its efforts 
to escape. Stirring is kept up continually—^the boiling gra¬ 
dually ceases, and presently the puddler fihds the iron begmning 
to “ come to nature,” indicative of the process being complete. 
This is known by tho iron becoming sticky and working heavy, 
tho cinder separating from it 4n a very liquid state. Any 
farther oxidation of tho icon must now be checked, or a loss of 
metal would be tho result, and the damper is therefore let down. 
The puddler has now to work up tho iron into balls of about 
80 pounds each, which are withdrawn from the fnmaoe as 
soon as made. The oindor is finally allowed to run out at 
the tap-hole. 

The effect of the puddling is still further to remove the 
carbon, silioon, sulphur, phosphorus, and other impurities of tho 
pig-iron; the tap-cinder drawn from the puddling fomaoe 
being very similar in its composition to that which comes off in 
the refinery. When tho raw pig-icon is puddled the quantity of 
cinder produced ia inconveniently large, and if none but refined 
metal bo used, tho want of a little ia sometimes felt; a mixture 
of tho two generally works very well. In order to ascertain 
witli moro precision tho nature of the chemical action daring 
tho puddling, oxporimonts have been mode by drawing samples 
at different stages of tho process, and analysing the metal. 
Tho pig-iron operated upon was composed of the following:— 


Carbon .... 



3-275 

Silicon .... 



8-720 

Phosphorus 



0-615 

Sulphur .... 



0-801 

Manganese and alumininni 



, traces 

Iron .... 



. 94 059 

100-000 


Tho first sampio was drawn forty minutes after it hod boon put 
into tlio puddling furnace, and was analysed for the carbon and 
silicon; tho succeeding samples wore drawn at various intervals, 
and similarly analysed, the whole series being as under:— 

40 minutes, 3 726 per cent, carbon, O'OIS per cent, silicon. 


60 

tt 

2-905 

If 

„ 0-197 

II 

ff 

a') 

»« 

2-414 

19 

„ 0-194 

II 

If 

80 

>» 

8-305 

II 

„ 0-182 

>1 

If 

95 

t* 

1-647 

i» 

0-183 

II 

fl 

100 

M 

1-206 

I* 

„ 0-163 

If 

ff 

105 

I* 

0-963 

II 

„ 0-163 

ff 

If 

110 

M 

0-772 

11 

„ 0-IC8 

If 

II 


at which time tho puddling was complete. It will bo seen that 
nearly all tho silicon ia driven off at an early stage of the pro¬ 
cess, but that for some imcxplained cause Uioro is during this 
same period an actual increase in the quantity of oarbon; the 
final result, however, is that the phddlod ball only retains about 
one-third of tho quantity contained in tho iron at tho commence¬ 
ment of the operation. The increase of oarbon at the earlier 
stages has been observed by other experimenters. The greater 
part of tho phosphorus and a little of the sulphur passes into 
the cinder, as will bo seen by tho following analysis of tko 
tap-cindor resulting from tho experimental operation detailed 
above:— 


Silica .... 



. 16-83 

Protoxide o{ iron 



. 66-23 

Sulphide of iron 



6-80 

Phosphoric acid 



jt-80 

Protoxide of manganese 



4-80 

Alumina .... 



1-04 

3bime .... 



0-70 




lOO'Of 


The operation of puddling as ordinarily oonduoted is,a some¬ 
what expensive ono, os the fumaco itself pnly lasts about six 
months, oven when repaired weekly; and a large number of these 
are required, 25 tons i>er week being tho maximum output of 
oaoh fumaco. The consumption of coal is about equal in weight 
to the iron prodnood; and there is on average loss in weight 
during '&e process of about 10 per cent, of metal. In addition 
to this the cost of labour is high, as tho work of the puddler 
and his assistant is acoeedingly severe: the prospect Tory 
^h wages is oonseqnently neeessary in order to induce men to 
leom the art, espedally as it is one in which profimenpy is only 
acquired after longfitt^oe. 
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Before oanaideringr the treatment to wUoh the pnddled.balle 
are anbjeoted to oosTort them into bora, one or two other plana 
of producing them mnat be deacribed, which will be t^on np in 
the next artiolo. 


OPTICAL INSTRUMENTS.—XL 

BT BAMUKIi HISHBET, F.Q.S., ISTC. 

I.ABTBBN DEM0NSTBAT10N8 (contiiiuea). 

Ik Kteraiure, the memory may be aaaiatod, by correaponding 
illnstrationa, to recall typea of the peculmritioa of atyle of that 
“ beat of ell good company,” the great writers of all ages. Thus 
many “half houra with the boat authors’’ might be advan- 
togetmaly spent in the school-room; and where poetry has been 
set to muaio, the notes of the tuno might bo projected on the 
screen, ao that a largo claaa may join in nniaon. 

Magic lantern slides in the ordinary way ore kept in bozua, 
but I regard this as groat waste of educational material. If 
the slides represent natural history aubjecta, they ahould be 
placed in the museam-caaos beaide allied objects for erery-day 
inspection, care being taken to fix them at such an angle, that 
light is refiooted through them by aid of white papor placed 
beneath; or by mounting the elides in long frames, backed with 
ground glass, they may serro as appropriate borders to the 
inndowa of any scientific or odncational institution. 

The advantages claimed for lantern demonstrations oro 
that the most important optical laws, together with many 
other physical experiments, can by their means be strikingly 
illuetratod, and by the employment of photographically 
produoed slides, a wide range of subjects cau bo piotorially 
illustrated on a large scale, in a cheap and efficient manner; 
that such dolinoatiouB arc truthful to Nature and abound in 
detail, to an extent ordinary hand-painted diagrams cannot 
compote with; that when taken direct from Nature or from 
artistic productions, correct as to the rendering of light and 
shade, the largo and impressiTO imago when projected on the 
screen stands forth with perfect stereoscopic effect, so that the 
lecturer is enabled to fix the attention of his audience upon tlio 
subjoet ho is describing in a manner not attainable with the 
ordinary tiers of small paper diagrams, over which the eyes of 
students too often listlessly wander, while from the magnitude 
of these lantern pictures, the most microscopical details can bo 
mode distinctly ffiscomiblo oven in the largest locturo-holl; that 
by thus appealing to the eye, or “ sight knowledge,” wo do thu 
next best thing to showing the objocts of the discourse tliem- 
BOlves, and so establish a system of artificial memory, by aid of 
which wo can teach many subjects quicker and better than the 
most impressiTO verbal description, unillustraled, could ever 
attain to, and in a manner not ao likely to pass out of mind, a 
matter of tbo greatest oonsoqucnco when a wider range of know¬ 
ledge is expected from educated pooido at the present day; 
that the odueaiioual value of such coloured transpureut dia¬ 
grams need not coaso with their exhibition in the lecture-room, 
for they may bo used as museum specimens or window deoora- 
tione. In oonolusion, I would say, it is desirable that every 
exploring expedition should be accompanied by its official pho¬ 
tographer ; that every nutianal museum, hospital, and astrono* 
mioal observatory should have its appointed photographic 
operator; and then the hoped-for time may come, when wo can, 
in systematio manner, place the records of scientific travel, the 
transcripts of Nature’s treasures, momentoos of fell disease, and 
the self-depicted aspect of the heavens, upon the screens of our 
' lectnro theatres, so that we may take our students over the 
or into the depths of space. 

SOUECES OE LIGHT. 

Thq means of seonring a beam of light of various degrees of 
intensity, eise, and phyeioal properties, is not only essectial to 
the optioal experimenter and demonstrator, but also to the 
operator ia several branches of trade. First in rank, as to 
intensity and physiool power, stands sunlight; then in order, 
the eleotrio light, the lime-light, the magnesium and sino lights; 
then Aigaad lamps fed with jmtrolefam, paraffine, ozokerite, 
oils, and'gas impregnated with hydro-oarbon vapours, chloro- 
ohromio acid, bisulphide of osrbon, tnagnesium othyle, otc., 
down to and the Ortifioial star. ' 

i shaU proceed to desoribe a typo of these several sourcos of 
alwayB seleoti&g what, to tike best .of my judgment and 


oxporionoo, I consider the simplest oud best arrangement; as 
much may be attained in tbo oonstruotian of philosophioal 
isatmments by the siiuplificatien of parts. 

The Solar Uefiector. —This arraagemont enables ns to reflect 
the solar roy into any piece of apparatus or room, suitably 
situated, wo wish to illuminate with a powerful beam of light, 
and to keep tbo rays on a fixed spot. To tbo photographer tViin 
arrangement is invaluable for the production of “ enlorgemonts ” 
from small negatives of portraits, landscapes, eto., os no known 
light is so photograpMt^y ouorgetic os that derived from the 
sun. By experimentalists, and those engaged in teaching 
science, much may be done with the solar refiootor, whore the 
trouble and expense of employing artificial sourcos of light of 
great intensity would bo regarded as a drawback to frequent 
work. Its construction involves two adjustments, one of inoli- 
natiou, the other of rotation, so that the sun may be followed 
in its course, and that its rays may be reflected constantly in 
one direction. 

Some years ago this arrangement was much used for micto- 
soopio demoTistration, but tbo lime-light aud cloctrie lantern 
rendered its use, to a groat extent, obsolete; aud its resusoito- 
tion is due to phut»graphic requirements, fer wliile the latter 
sources of light cau bo brought into play at any desired moment, 
the solar reflector can only be employed when the sun shines, 
a matter of groat uncertainty in this country. 

The old-fashioned otrangoinont is shown in Pig. 31. A 
clumped board, the size of a suitably situated window, is 
rabbeted to fit the frame closely, so us to exclude all light at 
the edges, and is kept in place by thumb-screws or wedges. 
In the centre a round hole is cut, of a size proportionate to the 
apparatus to be used, whiclt is screwed into a flange attaohod 
to the inner or room side of the board. To the outer side of 
the carrier-board a disc of wood or motul is attached by a suit¬ 
able counter-sunk fitting to the oeutral aperture; this disc 
carries on projecting arras a long narrow glass reflector. This 
disc can bo rotated from insido the room by moans of a handle 
that works through a curved slot in the carrier-board, by which 
motion the mirror can bo made to follow the course of the sun, 
while the proper inclination is given by means of on endless 
screw working on a racked wheel attached to tho axis of the 
mirror. Some praetioe is required to keep the beam central, or 
in one coBstant direction, as by this arrangement there is a 
tendency for the mirror to move in jerks. To obviate tikis 
defect it is better to effect tbo rotation by means of a pinion 
acting «n a racked flange (that takes tbo place of the counter¬ 
sunk fitting) connoctod with tho outer disc. Tho pinion may 
bo turned by a large inillod head, or by a lover arm that fits the 
pinion by a square key-head, by wliicli a more equable motion 
is secured. 

A simpler, cheaper, and bettor reflector may bo thus eon- 
structed, and is shown in Fig. 32. A carrier-board, b b b, has 
a rabbet out round it# edges, by which it is fitted light-tight to 
a window-frame. About the tniddlo of this board a round 
aporturo is cut to admit tho reflected light into the operating- 
room, and on tho inner side of this a brass flange, //, is fitted, 
into which the condenser, or other apparatus, can bo screwed. 
Below this aperture u rotating brass arm, b, fits witli a smooth 
and even action (by aid of a clomp, c), on to wliich the mirror 
elevator (or depressor), k, is hinged at h. This elevator is a 
square brass arm, from which projects, ut a right angle, a curved 
limb, pressing against a stout screw, s, that works tlirough the 
axis of the rotating arm K; and it will be seen that os the 
screw s is turned outwards or inwards, so the arm e will bo 
raised or depressed. Tho mirror h is fitted in a metal frame, 
and can bo fixed to the arm £ by moans of a binding-screw, a, 
fixed to tho back of the mirror-frame. Tho rotation of tho 
mirror is offooted by a long lever arm, L, that fits by u square 
key-head on to tho rotating arm B. This arrangement allow# of 
several mirrors being used for various purposes—viz., on 
ordinary mirror of Ihin gloss silvered at tho back, or a speeulum 
mode by depositing silver by the processes of Liebig and 
Fotilijean on a surface of glass worked parallo], or a black 
mirror, mode by roughing the back witli emery, and then coat¬ 
ing it with asplialto varnish, in which a portion of india-mbbsar 
dissolved in benzole (to give elasticity and prevent otaoking) 
has been added. Such a mirror gives a clear, bright image 
of the sun, and light enough for most experiments, and when 
set at tho proper angle gi^os a beam of polazised light; 



276 


THE TECHNICAL EDUCATOE, 


or wben a powerful beam of polaiised light is required, the 
nucroT may be composed of several sheets of thin, even glass 
placed one over the other, forming what is technically termed 
a “polarising bundleor when a soft light is required, os 
in photo*micrography, a “white cloud’’ mirror may be em¬ 
ployed, which is made of a sheet of opal glass, in some oases the 
rough surface, in other cases the polished or plate-glass side 
being placed uppermost to reflect the light. These mirrors 
must bo mode long in propor¬ 
tion to the diameter of the con- 
denser employed, and somewhat Ba 

wider than the aperture into 

I may here state that it is 
hotter to mount any necessary 
apparatus on a stand, indeiien- '' 

deut of the reflootor and its con- I I 

deu&or, so that should thu latter 1 

manner to threaten the result of \ 

graphio work), the two ports 

can at once bo isolated by inter- %LUjay|||||^HR 

po.siug a Boreon; and it also 
allows of greater freedom of B||j|| 

action in disposing appliances B'l® " 

and getting to the several com¬ 
ponent parts of any complicated arrangement of apparatus. 

Tlie Helioatat. —In the instrument above described all the 
adjustments ore made by hand, and where the experiments arc 
intermittent they answer the purpose, for a practised operator 
oau keep tiie light central with the axis of any optical arrange¬ 
ment Buillciently long for such purposes; but when it is neces¬ 
sary to keep the cone of light (concentrated by a condensing lens 
from the rofleoting mirror) ahitolutely control'for a lengthened 
period on a fixed spot or direction—as for certain astronomical 
purposes, delicate 
})hysiual investiga¬ 
tions, and photo- 
gtaphio enlargumonta 
—then the requisite 
adjustments must bo 
produced antomati- 
oally (solf-aoting). To . '■•s./iN. 

effect this, motion is ’ 
imparted by a “ driv- 
ing clock,” so that 

the axes of the sevenJ _i_ 

portsoftheadjnstablu 

minor may, for twelve - 

or twenty-four hours, 
tumwithadetermlnod 

velocity; and definite S 

positions are assigned 
to the oomponent 
parts of the arrange¬ 
ment, which arc de- 

duced from tlio same *' 

laws that regulate the 

motion of the earth 

about its axis. Such 

instrumentsare called 

“ heliostats.” 

The sun, as we 
know, follows a path 




tionand oontreing greatly simplified. The two most useful helio- 
stats for ptaotioal purposes are those of Fahrenheit, as modified by 
Monokhoven, where a large beam of light is required, say from 
eight to nineteen inches in diameter, and which eon be mmd as 
well on the 21 st of December—^the time at whioh the sun, in this 
part of the world, is at its lowest—as on the fllst of June, when 
the sun is at its highest; and the arrangement of Colonol 
Woodward, as modified by Dr. Maddox, where a small beam 

only is required for refined expe¬ 
riments and operations. 

The following dosoription is 
given by Dr. Von Monokhoven, 
Fig. 31. in his treatise on “ Photographic 

Optics: ’’— 

— “ The table N (Fig. 33) is of 

turned and polished iron. It is 
supported on three screws, one 

IHHHapresents at its centre a conical 

fitting, about which turns the 
pioQO n M, capable of being made 
fast to it by tightening the 
Borew a. This table is rendered 
horizontal by means of a good 
spirit-level. 

“ The support, J K l, u, is of 
iron. The arc, Js, necessary 
for the adjustmeut for latitude, is movable, but is fixed by the 
maker to the latitude for which the instrument is required. Ko 
attempt, therefore, must ever be made to disturb the sotting, j K. 

“ To tlie piece j k l xi is fixed the arm-rest in whioh the axis A 
turns, us the figure snfflcieiitly explains. 

“ The axis, a, i.s of steel, fixed by a screw to the arm-rest, r Q, 
and rests nt>ou the brass screw, b, which servos to bring the 
several pieces into position. Tfao screw b is made fast by a side- 
screw. The jiaits of the axis touching the bearings must bo 

always well lubri- 
ented with a mixture 

” of paraffine and oil. 

\ “The toothed 

circle, c, is fastened 
to the axis by a screw, 
g of which the thread 

runs the reverse way, 
sx'.v so that it may not 

.. get loose by the ruta- 

4 tory movement of the 

_This screw also 

securely fastened. 

-il'- Xhe wheel o is divided 

__r_ into 360 teeth, and 

must bo kept clean by 
I means of a brush 

Rj passed over it every 

Pl iB ^ direotioii, 

of the length of its 

r “Thehowtfyoirelo, 

T B Djisdividedintohours 

A C K L morn- 

I ingto.six m<ihe even- 

I ing, then into parts^f 

p twenty minutes each, 

p and lastly, into o<her| 

of four minutes each. 




whioh Tories incessantly in different countries and at different and is fixed on the axis by an hexagonal nut, which can be 
periods of the year; a perfect heliostat ought, therefore, to be tightened by the hand. The index, x, slightly mwablo, serves 
adjustable for all latitudes and for all seasons, and then slowly to indicate the time on the horary circle, and 'has, for this 
move in snob a way as to make allowance for the apparent object, a line engraved with a diamond on ito upper part, 
motion of the sun, and reflect tlie light received from it in any “ The collar, i, works in a groove out in the axis, a, and can 
direction whatsoever at the will of the operator, and for as long be made one piece 'with the axis by tightening, or be left to 
a period as he may desire. The contingencies of this problem tom freely about the axis by loosening the screw I, whioh must bo 
are met in the exquisite arrangement of Silbermonn, hut his handled gently, and never sorowod up voiy tigM. This ooUar 
heliostat is mca» complicated and oostly than is necessary for terminates at its lower port in a rod, constantly pressed towards 
most ptaotioal reqniremonts; as a heliostat is gefleiadly ^^ed in j the letter J by a spiral luring. A screw, J, therefore, fixed in 
a fixed locality, and the refleotod bew is usually required iu a i an arm-rest, which is attached to the immovable part of the 
horizontal dixwtion, oonsequentiy adjastmonts for varying lati-1 heliostat, and which also oarries tbe spiral springy enables the 
tndes may be dispensed with, ondtthe arrangements for inoUnik ' collar 'to be moved in one direotion or the otiher'(and oonse- 
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qnently the axis a, if the aorow l is fast) by very amall degreea 1 
at a time. ’ 

" The arm-rest, v Q, is of iron. At one end it carries a counter- ■ 
poise, Q, whioh serres to balance it about the axis a ; and at ; 
the other an index, P, and an adjusting screw, t u, of which wo ' 
shall speak presently. 

“ The mirror, s ft, is octagonal, of finely silvered glass. It is 
mounted in a frame of polisho<l ebony, and has at its two . 
extremities two pivots of polished brass of exactly tlio same 
diameter, and with their imaginary axis passing through tho : 
refieoting surface of the mirror, and at right angles to tlie ' 
index, x z, and to tho axis, a. Those pivots revolve on the arm¬ 
rest, PQ, on Y-shaped bearings, and ore kept in place by plates ‘ 
of brass. ! 

“ The deolination-drolo, r, is fixed on one of tl»o pivots and ' 
divided into half degrees. When tho zero of tho graduation is 
brought opposite tho index, tho surface of tho mirror is exactly > 
perpendicular to tho 
axis A —an adjustment 
made by the maker, and 
whioh must never ho 
deranged in dismount¬ 
ing or shifting tho 
indme. In tho position 
of the circle shown in 
Fig. 33, the circlo must 
be read to tho right 
of tho zero in winter 
(from September 21 
to March 21), and to 
the left of the zero in 
summer (from March 
21 to September 21). 

“ Tho index is formed 
of a movable plate of 
brass, whioh can bo ap¬ 
plied to the division of 
tho circle, or removed 
from it by pressing 
on the lower part. A 
single lino traced on its 
upper BQrfaoB servos to 
indicate tho division of 
the declination-circle; 
and as the half and even 
the quarter of each of _ , 

them, oorrespouding to ^ 

I or of a degree (15 ^ 

\ 


Of 7S minutes of an 
are), can be very well 
estimated, this amply 
suffioes for the adjust¬ 
ment of the instrument. 

It is necessary, how¬ 
ever, to be well prao- 
Aisod in reading tho 

circle, or bettor still, to get assistniico from some one accim- 
tomed to this kind of readings, which besides requires to be 
done but once for all. ,, , , ■ 

“ The bar, v t, oonsists of a slide-rod, capable of forming one 
piece with tKo mirror by tightening tho screw v. An adjusting 
screw, T? attached to the arm PQ, allows, vrhen tho screw v is 
fsBt, of the mirror being moved very small distances at » 

“ The two sights, X, Z, are squares of brass plate, placed at the 
gides of tho wooden mounting of tho mirror, each being pierced 
by a small hole. Further, tho sight x boars on its MtfMo, 
facing the opposite sight, two lines perpendicular to each 
traodll with diamond, one being parallel to the surface of tho 

.X, X.,. 

“ li^en the sights, x, z, are brought in a hne with the 
ihread of sunlight is seen proceeding JHP aperture m tho 
sight z, and falling on that of tho nHi x> where it forms an 
image of tho sun. In performing this^eration wo are ^ided 
by the shadow of the sight z, whioh ought to faU parallel to the 
wooden mounting of the mirror. T 1|0 hand shoidd bo held 
behind the sight X, in order to bring the shadow of tho other 


by tho key b; it goes ton hours, and oommunioatos its motion to 
the wheel C by its pinion h. 

“ The clock-work is fixed to tho immovable part of the helio- 
stat by four screws, but by slightly loosening the two inferior 
screws and lowering tho clock-work, the pinion H is thrown out 
of gear. Tho pinion h can at pleasure be put in or thrown 
out of gear with the clock-work by tightening or opening the 
nut H. If it is unscrewed, the axis. A, can bo slbwly turned, 
and then the pinion is soon to revolve rapidly. If it is screwed 
up, the clock-work immediately acts on the toothed wheel c, so 
as to make it perform a oomplolo revolution-in twenty-four hours. 
Keep the open part of the box under the key, 6, covered by a 
brass plate, to prevent dust from getting into the clock. 

"Management of the lfeiws(af.--Wind up tho clock-work, 
loosen tho screws v, i, H, take hold of the mirror at R, and give 
it its proper direction, about which wo shall speak presently; 
when this is very nearly effected, tighten tho screws v and I, 

and adjust tho mirror 
by the screws T and J 
to give it its correct 
position; then imme¬ 
diately close tho nut H, 
and loosen tho screw i, 
,and the mirror will 
obey the clock-work. 

“ Setting the Hiiio- 
^tat .—Make tho table, 
.V, horizontal by means 
of the level; keep the 
screws o, v, I, and H 
loose, after having 
wound up tho clock¬ 
work. 

“ Uogiii by rendering 
tho mirror horizontal 
by applying the spirit- 
lovol to its surface in 
the direction x z, tighten 
'he screw v, and com¬ 
plete tho adjustment 
with the screw T. llien 
applying tho level to it 
in llio direction of the 
]>ivots (and at right 
angles to x z), tight-cn 
the screw i, and com¬ 
plete tho mljustmcut 
with the screw j. (lo 
through the two ndjust- 
' monts again, witliont 
loosening tlio screws v 
•ind 1, Hinting iiso of 
the screws T and S 
only. 

Having thus ren- 
.Icred tho mirror quite 
horizontal, sec if the line xii I'r the liorary circlo D is quite in 
juxtaposition with tho lino marted on tho indox E. and if it is 
not BO, move the index and the circlo li oantiously, so that 
these two linos become a prolongation one of tho other, but 
I without allowing the index e to touch tho circlo D, otherwise a 

■ displacement of this index might take place in turning tho 
axis A. Kow loosen the screws v .md i. 

' “ Find out from nn astronomical almaiiaok the deoliuatiou of 

1 tho sun on tho day on which you are working, and, taking tho 

■ mirror in the right hand at », eommunicate to it such a motion 
as to very nearly bring tho indicated degree of tho circle v 

I opposite tho indox. Tighten tho screw v, and turn the screw T 
until the index exactly marks the declination of tho sun at the 
t timet. 

“ Taking now the mirror in tho hand nt r, and noting on your 
watch the Iriic lime,* make tho index indicate this time on the 



! * •• Tlie triif or njiparent time is the time luarlieil by tho aun-dial, and 

! not tho time marked by the ordinary clock, which i« mwa ttm*. The 
' difference between tho mean time and tho true tiinfl constitutes the 
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innle d, by conunonioating a rotatory motion to the axis a. 
WhOT this is very nearly oflfected, let go the mirror and tighten 
the sorow I. Then turn the entire instmmont round on its 
pirot a —taking it by the screw b, and without stirring the 
table N—until you soo the thread of eolar rays emerging from 
the aperture of the sight z, and falling on the centre of the 
■ight z. Then tighten the screw a, and the hoUostat is sot. 

“ If now, in snocoBeion, you open the screw i, and close the 
screw H, you will see the image of the sun remain motionless 
for hours together at the centre of the sight x, and it is only 
when this is the case that the holiostat is accurately set. It 
must neirer bo made use of until its working has been thus 
verified. When the heliostat is set, the table M and the pieces 
L M, K j, J AT being left in position, all the other parts may be 
dismounted and taken amy. To do this, open the nuts which 
hold the circles c and n j lower tte clock-work; open tho collar 
I, by removing tho bctcws which close it round tho axis; and 
open and remove tho upper half of tho bearing in which tho 
upper port of the axis works. Tho mirror, tho arm-rest, and 
idte axis can then ho removed, without the holiostat having to 
bo re-set when they are roplaood. 

" There are three ways of sotting up the holiostat in con¬ 
nection with other apparatus. 

“ 1. Tho most simple consists in inclining the aecessory 
apparatus so that its optical axis coincidos with the axis of tho 
holiostat. 

“2. Tho second consists in rendering the roflootod rays 
horizontal by means of a second mirror, and in any dirootion 
whatever. 

“ 3. Tho third in rondering tho reflected solar rays horizontal 
by a mirror inclined at 45° to tho axis of tho holiostat, in such 
a way as to reflont ihom from tiio east to the west, or from the 
west to tho oast.” 

Tho mutual adjustment of heliostat and apparatus employed 
in thus offooted:— 

Firstly, it is placed in a direction from south to north (tho 
holiostat to tho south), and in doing this tho place of tho ann at 
the true noon-time is tho guide. Having levelled tho holiostat, 
suspend a plnmb-line in front of tho combined apparatus, plunge 
its weight in u bucket of water to keep the lino steady, and in 
such a position that the line stands but a short distance from 
the screw n of the heliostat. Having set a watch (as described 
in tho previous foot-note) to thotmo time, at tfic true noon time, 
•preeiselif, move the entire instrument from left to right or from 
right tb loft, so that tho shadow of the plumb-line divides tho 
screw B, tho circle i>, the axis a, and tho accessory apparatus 
into two oiaetly equal parts. Tho ontiro apparatus is thou in 
adjustment if tho image of tho sun appears us a fixed spot. 


xsinute) is indispensable, and shonld be corofally attended to, Tbrongh- 
oat the Cnited Kingdom, at all railway stations, Qroenwich mean time 
is always adopted tor civil convenience, altbongh obriously that time 
does not truly indicate moan time in other localities sitaated east or 
west o{ Qteenwich. In Any place, thoroforo, where a heliostat is to bo 
arranged (or tho day. it will bo very easy to calculate the true or 
apparsnt time by the following data 

'* 1. The exa^ longitude of tlio spot to within fifteen seconds must 
bo acentately osoortaiuod. This con easily be got from the Ordnance 
maps. 

*' i. Greenwich mean time mnst be knosm, end this, to within a few 
seoonds, can l>e ascertained at the nearest railway station. 

“3. An iistronouiical almanack (Dietrieiisou and Unnnuy’s is very 
wmvenient and clieap), containing the e^uatian of time, decluMtion of the 
erne, etc., for every day of the year, is raqnirod. 

‘'"With these data known, suppose it is Wished to arrange a properly 
aet-np holiostat at Liverpool (or a diiy’s work, sny at nine o'clock on 
the 1st of October, 1807. Tho longitude of Liverpool is three degrees 
west of Greenwich; the Inis time at that place je, therefore, exactly 
tsmive minutes later than Loudon time. First asoertain acourately 
hIm o’oIookT>y Onieuwich mean time, deduct from that twelve minutes 
for differOBOO of west longitnde, then turn to tho almanack for tho 
sgeotien o/ vWm* for that day, which happens to show minus ten 
mlnntes fanirteen seoonds. In other words, the sun is foster, or 
psases the meridian eiKiner then the mean tipie indicates. This 
dUSarenoe mnst ^erefore be added to the mean in order to got the 
true time. Thus, Shre.—-12 min. •+ lo min. It Bea.=8 hrs. 6S'14", 
which is the time at whicAi the horary circle of the heliostat is to be 
aet for that day at Ltverpoot. And so for any other place, taking 
cere, however, to note that a dtvergnnoa from Greenwioh timeminet be 
eddfd when the place is east losgitnde, and that ovary 15' of longitude 
i»««Biva)eBtto one siiwits of Itee. 


SEATS OF INDUSTRY.—XVI. 

NOTTIKGHAM. 

BY TVILLIAH WATT WXBBTBB. 

On the banks of the Leen, about three-quartors of a mile from 
its junction with tho Trent, stands Nottingham, the capital of 
Nottinghamshire, the chief seat of the bobbin-net and laoe 
manufactures of England, and one of the prinoipal centres of 
the English hosiery trade. This important manufacturing town 
oocnpies a very picturesque and romimtio position near the 
Bouth-westem extremity of what was formerly Sherwood Forest, 
the head-quarters of Bobin Hood and his band, but is now a 
oultivated distriot. It is built partly at the foot and partly on 
tho broken and oceaBioiiaUy steep declivities of a red sandstone 
rook, rising 133 feet above tho level of the surrounding meadows, 
and overlooking the valley of tho Trent. The origin of the 
town is hid in obscurity, but it is believed that the site it ocou- 
pies was a favourite resort of the Druids, and that the nume¬ 
rous cavoms and vaults with which the rook is perforated 
wore hollowed out by them. The Saxons called the place 
SHoienagaham or Snottmgaham, and from this word, which 
signifies a retreat in rocks, the name Nottingham was doubtless 
derived. During the Saxon Heptarchy Nottingham belonged 
to tho kingdom of Mercia; and after tho Heptarchy terminated 
in 828 A.D., it wan a Danish borough. In the reign of Ethelred I. 
there was a fortress on the rock; and in tho time of his sno- 
cesBor, Alfrod the Great, the town had booomo of sufliolent 
importance to give its name to the county. Ancient records 
mention that tho Danes received a check from tho town of 
Nottingham, and that they wore defeated by Alfred in a great 
battle fought in tho neighbourhood. Nottingham was first 
walled in by Edward tho Elder in tho beginning of tho tenth 
century ; and at the time of the Norman Conquest, as ajipeara 
from tho Domesday Survey, it contained 120 dwoUing-houses. 
William Pcvoril, tho natural son of William tho Conqueror, 
built a castle on the summit of tho rook, for the purpose, it is 
understood, of overawing and repressing the outlaws, who sought 
sboltor in the old forest. 

Nottingham claims to be a borough by prescription, but it 
received oharters from Henry 11., and many subsequent 
monarchs. Edward I., in the year 1284, granted it tho privi¬ 
lege of sending two members to Parliament; and Henry VI. eon- 
stitnted the town a county by itsolf. In the reign of Edward III. 
—“ the greatest of the Plontagcnets several Parliaments 
sat at Nottingham, in one of which laws relating to the settle¬ 
ment of Flemish artisans in England wore passed. During tho 
Wars of the Boses Nottingham was the principal rendezvous 
for tho troops of Edward TV. and Biohard III., and it was from 
this town that tho latter marched to tho fatal battle of Bos- 
wortli Field. Charles I. selected Nottingham as the spot whore 
ho formally eroeted his standard against the Parliament; but tho 
inhabitants of tho town being warmly attaohed to tho Bepnblioan 
cause, ho was soon after compelled to evacnate the town and 
castle, which fell into the possession of the Parliamentary forces. 
Being attacked by the Boyalists at a later period, the castle, gal¬ 
lantly defended by Colonel Hutchlhson, a native of Nottinghaq, 
sucoossfully resisted a prolonged and determined siege; but 
when the civil war was over, it was dismantled by the Protector. 
Subsequently it was palled down; and in 1674, William Caven¬ 
dish, Duke of Newcastle, erected on the site a mansion resem- 
hling a castle only in size and name, whioh was destroyed by a 
body of rioters in a disturbance that took plooe in 1831, osten¬ 
sibly as a protest against tho rejection of the Beform Bill by 4he 
House of Lords. Of the ancient castle only a few Testigos 
remain. * 

The modem industrial history of Nottingham may be said to 
dato from the invention and introduction of the stocking-frame, 
whioh was adopted at nearly 'the same tiipe by the mgnufac- 
turers of No'ttingham and Leicester. The art of weavijig stock¬ 
ings out of worsted, silk, and other materialB, was disoovered in 
Scotland, and it waaj||||p]ved upon in Ftonoe and Spain, Wore 
it oome to be general1|||HPk)tised in England. Previous to this the 
atooidngs worn were Wfeply tight-fitting tronser-lsgs or gaiters, 
with feet attaohed to them. A passage in Stnbbes's “ Amtomy 
of Abases,’* published m 1596, enables os to fix the date when 
the knitted etooking began to supplant the oloth one. “ They 
have nether-etooks,” says the author this work, referring to 
the lops of the period, “sot of olath, ufm soifise. f<» 



BEATS OP INDUaTST. 


279 


that ii thonglit too base, bnt of worsted, silk, thread, and each 
like, or else, at the least, of the finest yam that can bo got, 
and so onriously knit, wildi open seam down the leg, with quirks 
and docks about the ankles, and sometimes haply interlaced 
about the ankles with gold or silver threads, as is wonderful to 
behold. And to such impudent insolency and shameful outrage 
is it now grown, that every one almost, though otherwise very 
poor, having sooroe forty shillings wages by the year, will not 
stick to have two or three pair of these silk nether-stocks, or 
else of the finest yarn that maybe got, though the price of them 
be twenty shillings or more, as commonly it is. The time hath 
been,” adds this enemy of luxury and expense, “ when one might 
have dothed all hie body well, from top to too, for loss than a 
pair of these nether-stocks will cost.” 

But an improvement had already been effected in the method 
of making knitted stockings that was destined to roduco the 
cost of their production, and bring them into universal use. Ton 
years before Stnbbes denounced the luxury of “ nother-stooks,” 
William Lee, a native of Woodburgh in Nottinghamshire, and 
a graduate of St. John’s College, Cambridge, was appointed 
curate of Calverton, a parish near the place of his birth ; and 
in 1589, this country clergyman had in operation a stocking- 
frame, oonsistiug of a row of knitting-needles kept going by a 
treadle, which produced stockings far more quickly than they 
could woven by hand. Lou’s maclfine has, of course, been 
greatly improved upon j but all the machinery now in use for 
the muinfaoturo of knitted hosiery is worked upon the same 
principle. In connection with this important invention two 
romantio aterios are told, which althongh not properly nnthonti- 
cated, may nevortheloss contain some portion of trath. Accord¬ 
ing to one of tliosn accounts, Leo, while a student, courted 
a pretty country lass, who made her livelihood by knitting 
stookings. Being annoyed at finding her so engrossed in her 
oooupation as to bo unable to attend to his love-making. Loo 
sought some means of simplifying her labours, and securing her 
more leisure to walk and talk with him—the stocking-frame 
being the result. I'hn other story is still more romantic, but 
not loss probable. It is said that, after leaving college. Loo 
forfaited his fellowship by esarrying the stocking-knitter, and 
that after he entered on bis curacy, the wife found it necessary 
to continue her knitting in order to oko out the small stipend 
her husband received. Finding his wife toiling at the knitting- 
noodles early and late, Lee was led to think over the process, 
and eventi^ly discovered the principle of the stocking-frame 
with which his name is associated. The first machine invented 
by Lee was only suitable for knitting worsted, and it was not 
till 1598 that ho succeeded in producing a frame delicate 
enough to moke silk stockings. Althongh Loo’s career as a 
stcoUng manufacturer hardly comes '«rithin the scope of this 
paper, it may be mentioned that about tho year 1591 he throw 
up his onrooy, carried his machino to London, and devoted him¬ 
self wholly to its improvement, and to efforts to bring his 
invention into favour. Through the intercc.ssion of J.ord 
Hnnsdon, Queen Elizabeth was induced to visit tho poor i>arson 
in BnnhUl Fields, who hod invented a wonderful contrivance 
for knitting stockings; but, while admiring tho ingenuity of tho 
machine, she refused to grant him a patent for his invention. 
In reply to a request for assistance from Leo's jiatron. Lord 
Uunsdon, Her Majesty is reportod to have siiid, “ I have too 
much love for my poor people who obtain their broad by tho 
employment of knitting, to give my money to forward an inven¬ 
tion that 4ill tend to their ruin, by depriving them of cniploy- 
ment, and thus make them beggars. Had Mr. Leo modo a 
*machine that would have made silh stockings, I should, I 
tbjnk,^Ve boon somewhat justified in granting him a patent 
for t^t monopoly, which would have affected only n ^ small 
number of my subjects; but to enjoy tho exclusive privilege 
of mitlijTij f stookings for the whole of my subjeots, is too im¬ 
portant to bo granted to any individual.” I^ee oarriad on 
stooUng 'manufacture for seven or eight years in Bnnhill 
Fields, and had at onetime nine machines in operation; bnt tho 
expenses he inenrred in perfecting his invention wore gr.mtor 
than the profits ho derived from the produotion of his frames, 
he feU into suoh poverty and dejection, that he was almost 
indueed to abandon the undertaking. Is 1605, however, he 
west to France, on the invitation of HemiQuatre, and set up his 
moQ^ory at Booen; but after the assasaination of his royal 
patiq^ gad j^sotaotor, ha wandered about from plaoa to place, 


perseeuted as an Englishman and a Protestant, and probably 
also as an inventor, until partly, if not wholly, through starva¬ 
tion and a broken heart, bo died at Paris in 1610, jnst as hlg 
invention was coming to he generally accepted. Seven of his 
workmen in Franco rotumed to Nottingham, and entered tlio 
service of Aston, ono of Lou’s appronticos, who effected some im¬ 
provements on Ids master’s machine, and under Aston’s manage¬ 
ment they laid tho foundation of ilio stocking manufacture 
of England. In the time of the Commonwealth tho stocking 
trade was so extensive, that tho London stocking weavers 
sought to bo incorporated in a guild, but it was not till 1663 
that their wish was granted by Charles II. By the year 1670 
there wore 700 stocking-frames in operation in England; and in 
1753 their number hod risen to 14,000. lu 1845 there were 
about 7.3,000 persons employed in the raunufaoturo of stookinga 
in Groat Brittun, and tho quantity produced was rookonod to 
amount to upwards of 3,600,000 dozen pairs. At tho present 
time it is estimated that nearly four-fifths of the stockings worn 
in the world arc made in this country; and Nuttinghamshire, 
and tho adjoining counties of Leicester and Derby, are tho 
districts whore this trade is principally carried on. 

’Tho manufacture of a description of lace collod bubbiu-nct 
has contributed to the prosperity of Nottingham in an almost 
equal degree with tho stocking trade. ’The first attempts to 
miinnfactnro loco by inaobinory were made as early as 1708 ; 
but although frequent offuris wore subsequently made to shorten 
tho tedious process of making laco on tho pillow, no very great 
success was achieved till Mr. Hcathcoat of Tiverton, in 1809, 
discovered and obtained a patent for his invention of the 
bobbin-net framo. Seven years Inter steam-power was first 
applied to this mochino, and by 1823 or 1823 bobbin-net frames 
were generally driven by steam-engines. About the latter date 
tho trade also received a great stimulus through the expiry of 
Heatbeoat’s patent. Tlio quantity of bobliin-net lace produced 
increased enormously; tho prices fell in eonsequeuoe; and in a 
short time Nottingham lace to n groat degree supplanted tho 
pillow laco for wliich Flanders, I'Vauco, and oertain English 
counties wore onco highly celebrated. In the manufacture of 
plain nets Nottingham soon rivalled and surpassed all coiupeti- 
toiB ; and tho produce of tho Nottingham bohbin-nct fnimos was 
smugglodainto those very countries from which laco hatl for¬ 
merly boon smuggled into Englaml. In tho early years of tho 
trade plain n(‘ts alone were mode, but after a time quillings 
were introduced, and at a later periisl figured or fancy patterns 
were produced. Qiulliiigs and figured patterns are the highest 
priced products of tlie bobbin-net froiue, and those aro tho 
principal descriptions of laco goods manufactured in Nottingham. 
To show tho rapid progress made in this industry, we may quote 
tho account that Mr. Felkin gives of tho trade in ISS."!, in his 
“ History of tho Mauhiiio-wrought Hosiery and Laco Manufac¬ 
tures.” “Ill 1835,” says the author of this sl.indard work, 
“ there wore used in this apparently minute hraiu-h of industry, 
1,8.50,000 lbs. of .Sea Island cotton wool, valued at jCI 85,000, 
and 2.5,000 lbs. of silk, valued at JC IO.OOO.” The value of tho 
produce of thoso raw materials and tlieir disposal are stated to 
have boon as follows :—“ Homo consumption for nets, Ji320,000; 
for quillings, ^6210,000; for fancies, JE580,000—total, ^1,110,000. 
Foreign trade, in nets, i2340,000; in quillings, 41282,000; in 
fancies, 480,000—total, 411,102,000. lu tho aame year tho 
plain nets sent from other parts of the kingdom to Nottingham 
to receive tho finishing operations of gassing, bleaching, and 
dressing, were estimated at 41328,000.” A few years ago it 
was calonlatcd that them were about 1,800 bobbin-net and 
warp-Iaue frames in operation in tlio town and neighbourhood of 
Nottingham. 

In the early i>art of the present century Nottingham gained 
! an unenviable notoriety in conaoqucnco of tho frequency and 
violenoe of tho riots that took place tliore. Among tlio most 
memorable of these were the riots of tho Luddites, which were 
coutinuod at intervals through a period of years. In 1811 
great distress prevailed among the weavers of England, owing 
prinollially to tho alaokness of trade occasioned by the eiolnsion 
of British goods from foreign markets. Tho operatives, how¬ 
ever, attributed their misery wholly to tho spread of maohmery; 
and combinations for tho purpose of destroying the bobbin-net 
and stooking frames, which they supposed hod deprived them 
of employment, were frequent in Nottingham. _ These riots were 
so well planned, and so destraotive, snd tho rioters were so sue- 
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oMafnl in escaping the vigilance of the police, that Parliament 
vrae eventnally compelled to adopt special and ver^ stringent 
measnTes for 4ieir aupprossion. An act declaring the wilful and 
malicious breaking of a stocking or lace frame to be a capital 
offence had to be passed before the Nottingham operarires 
abandoned their attempts to check the application of machinery 
to these manufactures by violent means. Many minor distur* 
bauocs broke out in Nottingham between the Luddite riots and 
the outbreak to which we have already referred. Those riots 
injnt^ the trade of the town. 

Nottingham enjoys considerable natural facilities and odran- 
tagos for the successful prosecution of its manufactures and 
commerce. Coal is found in abundance at a distance of about 
two miles from the town ; and there is a canal connecting the 
town northwards with the Codnor iron and cool district, and 
southwards with the Trent and the canal system of the northern 
midland oonnties. It need hardly be said that its railway oom- 
munioation is almost perfect. The Trent is navigable up to 
the point opposite Nottingham, and is there crossed by an 
ancient bridge, consisting of nineteen arches, and also by 
railway bridges. On the whole the town is but indifferently 
built, a largo proportion of the streets being nairrow and irre¬ 
gular, and in the older quarters of the town houses are to bo 
found standing back to back without any interval between 
them. The houses for the most part are constructed of brick, 
and many of the streets rise above each other in snooessive 
terraces. One very crowded quarter, called the Marsh, lies 
about seventy feet Imlow the prison, which is built on the edge of a 
rook. Extensive improvements have, however, been made in 
Nottingham daring the past twenty years, many new streets 
having been constructed, and villas built in aU dirootionB. 
Formerly the burgess land formed a bolt round the town of 
about a thousand acres, but this land was enclosed under the 
General Enclosure Act some twenty years ago, and since that 
time part of it has boon built upon and pari; roservod for 
ideasuro grounds, promenades, etc., eighteen acres of it being 
formed into an arboretum, to which the inhabitants hare free 
acoesB on three days of the week. The people of Nottingham 
also enjoy the use of a park of about 130 acres, belonging to 
the Dnko of Newcastle. A striking oontrost to the narrow 
streets of the town is afforded by the spooions market-place, 
whioh is a triangular area of five acres and a half, surrounded by 
lofty houses and shops with aroados. None of the public buildings 
of Nottingham possess any marked feature of interest or any 
remarkable history, eioopt perhaps St. Mary’s Church, an 
ancient Gbibio stnicturo, supposed to have been originally 
created in the seventh century, but whioh has since been de¬ 
faced by inoongruous alterations in the Doric style. Among 
tlio institutions of the town may bo mentioned the Free Gram- 
Kior Sohool, whioh was founded in 1513, but fell into disuse 
before the close of the last onntnry, and was ro-ostablishod and 
revived in 1807 ; the Blue Coat School, which clothes and edu¬ 
cates sixty boys and twenty girls ; the People’s College, founded 
by Bubsoription in 1846, to afford superior instruction to the 
working olasaos; and a National and a Lancastrian School. 

In Edition to the staple manufaeturos of Nottingham 
already mentioned, the town contains cotton, worsted, and silk 
millq; extensive establishments for the oonstmetion of bobbin- 
net and stocking-frame moohinery; and large blooob-fields, 
molt-honses, and breweries. To illustrate the rapidity of the 
growth of Nottingham daring the present century, the popula¬ 
tion returns may be cited. There wore in Nottingham in 1801, 
28,861 inhabitants ; in 1811, 34,263 ; in 1821, 40,415 ; in 1831, 
60,680 j in 1851,57,407; in 1861, 74,693; and in 1871,86,608. 


PRINCIPLES OF DESION.—XrX. 

BY caBIBTOPHKIl DBKBSEB, PR.D., Y.Ii.S., BTC. 

^ CARPETS (vonttnusd). 

PuBSimvo our consideration of floor coverings, wo may notice 
that a number of beautiful Indian oorpets, saoh os we referred 
to in the lost article, may be soon at the muaenm in the bnild- 
iug of the new India Office at Whitehall, which museum is open 
free to tiie public (Fige. 66, 67, 88). There are also seme good 
examples at tiie Intematioaal E^Ution now open at South Ken- 
aington; but this exhibilacn is not of a permanent chamctei;. As 


to the nature of the pattern whioh may be applied to a carpet, 
wo have “all-over ’’ patterns, or patterns spre^ng regularly all 
over the aurface; “ geometrical’’ patterns, or those which have 
an apparent regularity of Btmeture; and panel patterns, or 
those in which particular parts ore, as it were, framed off from 
other ports. 

First, as to “ all-over’’ patterns. These are what we almost 
always find in both Indian and Persian carpets, and are, un¬ 
doubtedly, the true form of decoration for a woven floor cover¬ 
ing. What is desirable is an evenly spread pattern, such as will 
give riohness without destroying the unity of the entire effect. 
The pattern may have parts slightly accentuated or emphasisod 
beyond other parts, but not strongly so, and this emphasising 
of parts must bo arranged with the view of seonring to the pat¬ 
tern special interest. ’Thus, if a carpet is viewed at a distonoo 
it shonld not appear as devoid of all pattern, but through the 



Fig. 67. 


slight predominance of certain leading features (in Indian car¬ 
pets, generally of ornamental flowers) the plan of the design 
shoiild be indicated. More detail should be apparent when the 
work is seen from a nearer point of view, and still more 
upon close inspection; but in no case should any parts appear 
strongly prononnoed, or otherwise than refined an^ beau^nl, 
and in no ease should there be a want ef interest manifested by 
the pattern. * 

Carpet patterns are generally better if founded on a ,geome- 
triool plan. In thia way most of the Indian and Persian pat¬ 
terns are constrnoted. A geometrical plan seenroa to the design 
a manifestation of order and thought in its formation. Panel 
patterns, nnless very carefully managed^ become ooarse. In 
some Indian oorpets we find a sort of panel in whioh the colour 
of the ground is changed from that of the general ground of the 
carpet, but here the panel has nsnafly a truly ornamental form, 
and is, indeed, rather a large ornament than a sort frame en¬ 
closing a dis^ot space. Whenever a panel ooenrs in an Indian, 
Persian, or Moorish carpet, it is so managed, and its sniround- 
ings are such, as to ci^se it to appear as a part natural to the 
general desigu; but it ia far otherwise with the panel poftterns 
which we oooasionally see ia our shop-windows as the ptodnoe 
of native industry, and it is far otikerwise with those wUch are 
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used in vast quantities by tbe 
Amerioana. Jn^ng from tlm cax- 
pets wbiob they order, I imagine 
that nowhere on earth is taate in 
matters of decorative art so de¬ 
praved as it is in America. It is 
true tiiat the great floral patterns 
have ooasod to bo demanded by 
them, bat they are only replaced by 
coarse, raw-looking, panel patterns, 
coloured in the most vulgar man¬ 
ner, and without even a hint at re¬ 
finement or harmony of colour. 

Lot the pattern be “ loud ’’ and in- 
harmoniously coloured, and the 
chances of its sale in the American 
market are great. 

But we must not forget that 
even in our own country bad 
patterns soil equally as well as 
good, inartistic patterns ns well as 
those which are of a more refined 
character, and that even hero in 
Great Britain more of the in¬ 
different, if not of the very bad, 
sells than of the good. Let us 
cast the beam, then, from oar own 
eye, before we try to extract it from that of another. 

^e ground colour of a carpet may vary much, as wo all know; 
it may be black, blue, red, green, or white. If tiro ground of a 
carpet is pure white, it is almost impossible that it will look 
well. When I make this assertion I am often told that some 
of the Indian carpets 
which I BO much ad¬ 
mire have white 
grounds. This is a 
mistake. Some of them 
have light grounds, 
but not white grounds. 

They have light cream- 
grey grounds. or green- 
white grounds, bnt not 
pure white, and this 
tone of the ground 
altogether alters the 
case. Yet even with 
a light-toned ground it 
is not an easy matter 
to make a carpet which 
shall appear as a suit- 
ablo b^kground to 
the fumitnre of a 
room; it can be done, 
bnt it is a thing difli- 
cnlt to achieve. The 
safest and beet ground 
for a carpet is black 
or indigo blue. If on 
this ground a closely 
fitting, well • studied 
pattern be arranged, 
drawn m small mosses 
«f bright oolonr, a 
beantif^ bloomy effect 
mtfy be achieved, and a 
glance at our best shop- 
windows will show that 
thff most Batiafao1x>ry 
carpets are coloured 
ia this way. 

As to the size of tbe 
pattern we can say 
but little, as this wiU 
be determined by the 
coarseneea or fineness 
of the bbrio. In a 
Brasada carpet each 
stiek is abont the 


ono-tentb of an inch square. In 
some Turkey carpels each stick is 
a quarter of an inch square. It is 
obvious that a much smaller and 
finer pattern can bo produced in 
Brussels than in Turkey carpet. 

A carpet pattern is best small, 
or at least small in detail if not in 
the extent of the design. A pat¬ 
tern may repeat throe or four times 
in Uio widtli of the fabric (twenty- 
seven inches if Brussels), or bnt 
one figure may be shown, yet in 
this latter cose tho detail of the 
pattern may bo as great as in the 
former. That degree of smallness 
which is compatible with tolerable 
distinctness of detail is desirable. 
For this reason Turkey carpets are 
not altogether satisfactory; no fine 
pattern can be worked in them, and 
besides this they have no colour- 
bloom and little colour-harmony. 
In some respects they are good, but 
altogether they are not satisfying. 

Before I dose those remarks 
upon carpets, lot mo say that, os 
designers, manufacturers, and consumers, wo arc one and all 
timid of now things. Wo want daring—the energy to produce 
new things, to manufacture them, to use them. What if tho 
pattern is “ extreme,” if it is better than others i* what if Mrs. 
Gamp should think us eccentric ?—better be eccentric than over 

harping on one mono¬ 
tony. If wo could but 
bear calmly the deri¬ 
sive smiles of tho 
ignorant, art-progress 
would bo easy. 

With us carpets 
cover tbe entire floor. 
In London theso car¬ 
pets are nailed to tho 
boards, and but seldom 
taken up. Li somo 
parts of England we 
find rings sewn around 
tlio under edge of tho 
carpet, which rings 
are looped to the heads 
of nails. Corjieta so 
furnished can bo more 
readily removed for 
cleaning than ours, 
which arc nailed to the 
floor. Square oorpots, 
such as tho Turkey, In¬ 
dian, and Persian, are 
spread loosely on tho 
boards, and: can be 
taken up and shaken 
without diffionlty. This 
is unquestionably tho 
healthy plan of using a 
carpet, and it is also an 
artistic plan. If the 
outer portion of tho 
room floor is formed of 
inlaid wood of simple 
and suitable pattern, 
and alargnlooso square 
carpet is spread in the 
centre, we have an 
artistic effect, and tho 
desirable knowledge 
that cleanliness is also 
attainable with a rea¬ 
sonable expenditure of 
labour. 



Fig. G8 











































282 


THE TECHNICAL EDUCATOE. 


BIOGKAPHICAL SKETCHES OF EMINENT 
INVENTORS AND MANUFACTURERS. 

XVI.—THOMAS BJuffICK, ENGEAVEE. 
ur jAums ORAITT. 

TROUAS Bbwick, the revirer of the most useful art of wood- 
engraving in England, was bom on tbo 11th of Angnst, 171>3, at 
Ciwrry-bnm, about twelve miles westward from Newoostlc, 
where his father rented a small land-sale colliery at Miok-lay- 
bank, near his reeidenoe, and in tbo pit thereof the future 
engraver worked in the coal seams when a boy. After a time, 
he was sent as a day-soholar to a school kept by the Bov. Mr. 
Gregson, at Ovinghom, and as the parsonage in which his pre¬ 
ceptor lived is prettily situated on a bank sloping downward to 
the Tyn8> its locality seems early to hove found piotorial interest 
in young Bewiek’s eye, as many reminiscences of it are to bo 
found in his woodcuts, Gio gate being introduced with little 
varialdon in four different subjects; while in his tail-pieces are 
many other local memorios of a similar kind. 

English reading, writing, arithmetic, and a smattering of 
Latin, however, wore all the acquirements the limited moans of 
Bewick’s father oonld procure him. Having early shown a 
decided taste for drawing, ho was approutiood by his father to 
Mr. Bolph Beilby, an engraver, living in Newcastle. 'ITiis was on 
the Ist of Ootober, 17G7, and ho was bound for a term of seven 
years; but it must be borne in mind that Boilby was not a 
wood-engraver, and his business in the copper-plate lino allowed 
but little scope for artistio display. lie engraved a few plates 
fox obscure local books, when such chances oamo in his way; but 
his chief work lay in oxocnting brass plates for doors, with the 
owners’ names filled in with black sealing-wax, after the manner 
of the old Ttfcl/os, so called from an old species of ornamental 
engraving resembling damask work; but of the art of wood¬ 
engraving, thongh long practised on tlio Oontiiiciit, littlo or 
nothing was then known in England—at least, very little and 
humble were the efforts in that way. Typos cut in wood wore 
introduced at Strasbnrg by Gnttenbnrg, so early as 1442 ; and 
in 1493, Wilhelm Plnydonwurff ond Michael Wolgomiith, the 
first actual wood-engruvors whoso names ore known, fumisliod 
in that year the folio plates for the Nnremburg Chroniclo, 
containing figure subjoets and views of towns. During the 
seventeenth century a few foreign engravers visited and worked 
in England, the most eminent being Crispin do Passe, Hollar, 
Dorigny, and others; but until the time of Faithomo the older in 
1070, our native engravers limited themselves to tlio prodnotion 
of maps and portraits, all of which wore below even niodiocriiy. 
John Payne, an Englishman, first aspired to other cuts, and 
executed landscapes, ilowors, and animals, etc., his chief print 
being the Royal Sovrrviyn, man-of-war. Then followed the 
Whites, father and son, George Virtue (bom 1C84, died 1756), 
Woollot, Brown, Sir Kobert Strange, and a few others. 

Bewiok’s attention to the groat value of wnod-ongi-aving was 
first drawn in oonsoquonco of his master having boon employed 
by Dr. Charles Hutton, then a schoolmaster in Newcastle, to 
cut on wood the diagrams for his “Troatiso on Mensuration,” 
the printing of which was commenced in 1768, and took two 
yours to complete. The cutting of these diagrams was com¬ 
mitted fty Mr. Beilby to young Bewick, who invented a graver 
with a fine groove at the point, thus enabling him to cut the 
outlines by a single operation. Ninepenoo per week was the 
sum then paid by young Bewick for his humble lodging in 
Newcastle, and weekly his mother sent him a largo brown loaf, 
baked by herself in their home at Cherry-bum, whither he 
returned in Ootober, 1774, on the expiration of his apprentice¬ 
ship, but he still continued to work for Mr. Beilby. 

Intending to apply himself now exolusively to the art and 
stndy of wood-engraving, he drew and executed several cuts as 
speoimons of his power, and in 1775 ho received a premium 
from the Society for the Encouragement of Arts and Manu¬ 
factures, for a out of the “ Hnutsman and the Old Hound,” an 
oval print with * flowered border; and a fa«-simile of this cut 
was used in the first ooUectod edition of " Gay’s Fabtes,” printed 
at Newooetle by T. Saint in 1770. 

Six years later found him making a tonr, staff in hand, with 
a knapsaok on his book, among the Cumberland lakes, when on 
a visit to some of his rations; and long aftor,in other days, ho 
used to speak with a&niiatioa of the border mountain scenery, 


and “of tlie beauty of the white-washed and slate-oovered 
cottages ou the bmiks of some of those lakes.” In a tail-pisoa 
to the first volume of his “British Birds,” he introduees a 
sketch of Umself, as he appeared on this tonr, in his travelling 
ooatome, drinking from a wayside runnel out of the flap of his 
hat. After a biisf visit to London, ho became a partner with 
his old master, Beilby of Newcastle. Ho disliked the hnstle of 
the metropolis, which he stigmatised as “a vast province covered 
with houses,” and oven advised his pupils to remain, when they 
eonld do so, in the country, and enjoy there the fresh air, 
the beauties of Nature, and of all things contentment. 

“ I am still of the same mind that I was when in London,” he 
once wrote to his old sohoolfollow Christopher Gregson, son of 
his former prooeptor; “ and that is, I would rather bo herding 
sheep on Mick-lay-bank top ilian remain in Loudon, thoinih for 
doing so I was to be made the Premier of England! ” 

Bowiok loved to spend all his hours of recreation in the open 
nit, on his native Northumbrian hills, studying the charnotor- 
istioB of birds and boosts in their natural state, aud noting 
those picturesque details of rural life which formed skotohes 
and tail-pieces to his works. On the partnership with Boilby 
being fairly arranged, Bewick took as apprentioo his younger 
brother John, who had been born in 1760; aud though ho 
assisted his partner in all thu more mechanical ports of their 
business, ho applied himself, whenever ho could do so, ex¬ 
clusively to the art of wood-engraving. In addition to the outs 
for “Gay’s Fables” in 1779, he published an edition of “ Select 
Fables,” 1784, both printed by Saint; and in the latter he was 
assisted by his brotlior, as the title-page of the new octavo 
edition published at Newcastle, in 1820, boars “Select Fables, 
with nuts designed and engraved by Thomas and John Bewick 
and others, with a memoir and catalogue of their works.” 

In this work the animals aie better drawn, the sketches more 
free, the backgrounds more natural, and the foiiago fuller than 
in those for “Gay,” showing that ho improved as his art was 
exercised. “In the best cuts of tho time of Durer and llolboin, 
the foiiago is generally neglected j tho artiste of that priod 
merely gave general forma to trees, without ever attending to 
that which contributes so much to their beauty. Tho merit of 
introducing this great improvomoiit into wood-engraving, and of 
depicting quadrupeds ond birds in their natural forma and with 
tlioir ehiu-aetenstiu expression, is undoubtedly due to Bowiok.” 

Nino shillings oaeh was the sum Bewick received for tho cuts 
in tho “Select Pablos !” Ho was for five yenrs engaged on Lis 
“ General History of Quadrupeds,” which was bcgim in 1785, 
and was published in 1790 by Bobinaou, Paternoster Itow, in 
octavo, and tho titlo-pago announces tho “ figures engraved on 
wood by T. Bowiok.” His own account of the origin of this 
work may bo quoted here :— 

“ From my first reading, when a boy at school, a sixpenny 
History of ‘Birds and Beasts,’ and then a wretched composition 
called tho ‘ History of Three Hundred Animals,’ to tho time I 
became acquainted with works of natural history written for 
the perusal of men, I was never without the design of attempt¬ 
ing somothing of this kind myself; but my principal object was, 
and still is, directed to tho mental pleasure and improvomont of , 
youth; to engage their attention, to dh'cot their stops aright, 
and to lead them on till they became enamoured of this innoaent 
and delightful pursuit. Some time after my partnership with 
Mr. Boilby commenoed, I oommunieatod my wishes to him, and 
after many conversations ho came into my plan of publishing a 
History of Quadrupeds, and I than immediately began to draw 
tho animals, to design the vignettes, and to out them on woodn 
and this, to avoid interruption, frequently till very late In tho 
night; my partner at the same time undertaking to oomVBe, 
and draw up the desoriptions and history at his leisure hours, 
and in ovenings at home. With the accounts of the foreign 
animals I ^d not muoh interfere; the sources whence I‘had 
drawn tho littlo knowledge I possessed wore open to my oo- 
odjutor, and he used them ; but to those of tho animals-of onr 
own country I lent a helping hand. This help was given in 
daily oonversations, and in occasional notes aud memoranda 
which were used in their proper places.” 

Of this work a second edition appeared in 1791, and a third 
in the following ytar at Newcastle. Some of the iUostrationa 
displayed a hnmonr said by cerfmn critios to be worthy of 
Hogarth, and as a specimen of this, one representing a soar- 
visaed dd fellow in a three-oooked hat, ooRTeyinff. Imga 
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to ft mill on ft lean, itarred, over-laden, broken-kneed, and evi¬ 
dently atring-kalted boree, whioh he is beatinff rdth a stick, 
has been prominently eelootod. A hungry-looldng dog goes in 
front towards a fence, beyond wbiob, in distance, appears a 
farm gate and a square gallows, a feature frequently introdnned 
by Bewick in sketches illnstrative of knavery, malice, or cruelty. 

Another sketch, as indicative of pathos, was solcctod by them— 
the “Euined Cottage and Sheep.” Near a hovel, of the roof of 
wbiob three couple-poles, some thatch, and a chimney alono 
survive, “while all around is covered with snow, a lean and 
hungry ewe is soon nibbling at an old broom, whilo her young 
and weakly lamb is sucking her milklcss teats. Such a picture 
of Koimal want, conceived with so mnoli fooling and so well 
expressed, has, perhaps, never been represented by any aitLst 
except Bewick.”- 

Thus each of his illnstrations was luadc, by its graphic power, 
to tell a story; and tho success attending his w.ork on C^iad- 
rupeds induced him to commence at once tho designs and wood¬ 
cuts for a “ History of British Birds," the first volume of which 
was published in 17!>7; the simple, clear, and correct letter¬ 
press being, as in the former work, the production of Lis partner 
Mr. Beilby, with whom his partnership was dissolved in that 
year ; hence tho literary portions of tlio .second volume, which 
appeared in 1804, were written by Bowiek hiinsclf, but revised 
for tlie press by his friend, tlio llov. Henry Ooto.s, Vicar of 
BedUngton, in the county of Lurlnam. 

The woodcuts of this work established, more than any of its 
predoccBSors, tho fame of Bewick as a wood-engraver, nml 
moreover as an artist; and nothing that has becJi produced 
since can bo compared to them, nor shall they bo equalled, 
says a writer, “ till a designer and engraver shnll arise, pos- 
sessed of Bewick's knowledge of nature, and endowed with his 
happy talent for expressing it.” He attained a skilful manage¬ 
ment of light and shade, which it is almo.sl impossible to produce 
by means of copper-plate ongivaving. 

An edition of his Quadrupeds appeared in two volumes in 
1809, another in 1811 ; in 1818, ho illusb-ated an octavo 
edition of “Ailaop’s tables,” with designs on wood, also pub¬ 
lished at Kcwoastle ; and in IS’Jl npi>oarod “ A Supplement to 
the History of British Birds,” in two parts. 8vo, at Neweastb-. 

Thomas Bewick diligently cultivated his inborn talents, and 
trusted neither to designers nor publishers for employment. 
He struck out a path and found employment for himself, 
seeking neither tho directions nor the patnniago of others; lie 
thus preserved his independence, and was able to realise !i 
oompetence together with no small share (d worldly fami'. 
Though his works were snoccssful, ho was nev(>r inattentive to 
self, and he frugally husbanded liis earnings with an eyo to 
provision in Ms old age. 

In 1803, a portrait was painted of him by an artist named 
Murphy; but this he seems not to have had the vanity to 
engrave. On the 18th of April in that year, he gave tho artist 
a letter of introduction to Mr. Christopher Orogson, the son of 
his old tutor before mentioned, then in Lomlon, and in this 
Jiettor he pleasantly olladcs to his own alleged beauty long ago 
when a boy. 

“ I do not imagine, my dear friend, that at your time of life 
you -will bo solioitous about forming new acqnnintanoeships; 
but it may not, perhaps, bo putting you much out of tho way to 
show any little civilities to Mr. Murphy during his stay in 
London.‘v Ho has, on his own account, taken iriy portrait, and I 
dftre say -will be desirous to show you it on the first oppoHunity; 
when yon see it, you will no doubt conclude that T. B. is turning 
bonifier and bonnier in his old days; but, indeed, you cannot 
help knowing this, and also that there were groat indications of 
its turning out BO long since.” 

When health began to decline, and ho lost much of his old 
energy of mind, tho summer of 1828 found him again in London. 
He was then in his seventy-fifth year, and nothing that ho saw 
could interest him; ho longed for his native^ Tyne and tho 
Boenery of Northumberland. Even -the objects in which he felt 
the greatest pleasure onoo were void of that for him now; 
henoe, when one of Ms eddost and most valued friends drove him 
to the Regent’s Fftrk, ho was either too feeble or too careless-— 
at all events, he declined—^to alight a^d to visit tho animals in 
the Zoological Gardens. 

Oft Mb retnm to Newoastle, somewliat of Ms former health, 
hpiizit, aad tastes returned to him, bat for a brief space only. 


and «n the Saturday before Ms demise he took the block of 
“ The Old Horse waiting for B^th ” to the printers, that he 
might have a proof of it struok off for him. On Monday after 
he fell ill, and when the proof came he had ceased to exist, 
olosing Ms long and useful life at his house on the Windmill 
Hills of Gateshea<l above the Tyne, on tho 8th of November, 
1828. Ho was interred in tho churchyard of Ovingham, of tho 
parsonage of which he has left one of Ms most ohorming little 
woodouts. 


TRACTICAL PERSPECTIVE.—XTV. 

In this lesson another study of polygons is given. 

Fig. G9 is the plan of an octagonal x>linth, on wMcli rests an 
octagonal prism, of which the smaller figure is the plan. 

The octagon is onclused in a square, a. B c D, and thin is to 
bo first projected as shown in previous lesson's. 

Proceeding then to Fig. 70, mark 1.ho points e and f be¬ 
tween A and B, and lines drawn from them to the centre of the 
picturo will out the bock line of tho square in i and J. 

Similarly, tho points k and i. being marked on the pietnre- 
lino between A and c, and lines drawn from them to the point of 
distance -will give the points k and u' in tho perspective side of 
tho square, and from these horizontal lines aoross tho figure 
will give tho points o and h. 

Join E V, p a, u H, H1, I .T, .1 k', k' I.', and i, 'e, and tho plan 
of the octagon will bo completed. 

Now naiso perpendiculars from each of tho angles of the 
square; mark on eiiher of tho front ones a or li, the -true 
height of tho plinth, and eomideto the upper surface of the 
square blotilc a1> c d. 

From each of tho angles of tho octagon rai.se poiqiondicnlars, 
cutting the upper square in the pt)inta e, /, ?i, i, J, I, and 1. 

Join these points, and thus comidcto the upper surface of 
the octagonal plinth. 

Tho plan of tho octagonal block might, of course, hnvo been 
projecled insido the origin.al perspective ]dan ; but it is advis¬ 
able, for tlio sake of elearaess, to defer it until this stage, so 
tbat it may bo projected at once on i.ho surface ou which it is 
required. 

To do this, prodneo the edge of tho niiper surface to c, 
ofuail to the distant side of tho square. Between <i and c sot 
off a o and o l*, corresponding with A T .and OH in iig. 69 ; 
from those points draw lines to tho point of distance; and from 
the points where these lines cut tho line drawn from A to c, 
draw horizontals. 

Between a and 6 sot off M and n, and from these points 
draw linos to tho centre of tho picture; these, cutting the two 
horizontals last drawn, will give tho perspective view of the 
square in wliich tho iiutior octagon is contained. 

Between m and N sot off u V, tho widih of the side of tho 
smaller octagon ; and these, cutting the front and back lino of 
tho inner square, will give the two sides n c, ;i z. 

Now between a and c set off •> w axid o x, corresponding 
■with A w' and c x' in Fig. (19, and draw lines to the point of 
distance, cutting a c ; from these intorsnetious draw horizontal 
lines, which, cutting M ii in lu .i', will rive auothcr side of the 
octagon, tho corrospoinling side to which will bo obtamed by 
drawing horizontals from lu ami -r to cut N tj in ie it*. 

Join V w', If' a-', ?/, and J A .r w, ir ii, and the smaller 

octagon will bo coiuidctcd. _ , , . 

Now, to project the top of tho prism, at the required height 
draw the lino a' n', corresponding with tho side of tho containing 
s(iuarc, and on it set off tho widths m', n', u', v' precisely over 
the points similarly Ictfero;! on tho lino a % below. ^ 

From m', n', v', v' draw lines to the centre of the picture, and 
from n, r, ic, lo,' A f', 1/, and s draw pori>oiidicnlars to meet 
those. The points for tho uiiper surface of tlio octagonal block 
will bo thus obtained. 

Exebcibe 66. 

Tut this object into perspective when standing nt any distance (at 
pleasure) within tho picturo. 

Exercise 67. 

Scale .} inch to tho foot. Height of spoetator, 6 feet; distance, 

Snhject, a hexogonal block of 3 feet side and 2 feet high, on ^hich 
rests snother hezagonid block, the side of which is 2 fast sad the 
height of whWi is « fsst. , 
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Pot tliii object into perspective when placed ot 4 feet on the left of 
the epactator, the front ot the lower block bein^ on the piotuie-Une, 

Exeboisb 68, 

Pnt the lame object into penpective when another hexoffonal block 
or slab rests on the top of it, precisely eqonl in size to the plinth on 
which the second block stands, but only halt the height. 


OiTO a perspective view ot this tube when lying at 4 test on th» left 
ot the spectator, its end being at right angles to the piotnie-plane. 

Exrbcisi: 71. 

Put this same object into perspective when lying at 3 feet on tbo 
right ot the speotator, and 8 feet within the picture. 


r 



Put the same oWeot into perspective when standing at 5 feet on the same tube into perspective when its octagonal end is 

Tight of the speotator, at 6 tset within the pioture. vertteal, and s* to the piotura-plana, the nearest angle of the 

_ ^ eofitaioiug figure Deing on tho piotur«-Hn« nt 3 leet on the loft of tne 

• ' Exbbcmr 70. apacUtor. , „ 

Bcala ^ inch to the toot, Haight ot apeetator, 8 teat; diatanoe, 15 ExiBCISS To, 

, Oive a perspective view ot this object when the long odges ore at 
Subject, sa octagonal tube; '^de, 2 feet; length, 6 feet; thicknesa ' aiP to the plctun>plaae, and when it is altnated at 5 feet on the right 

•t zutarial of which the tnbe ismo^ 8 indiea (by acale). | ot th« spectator, and 10 test within the picture. 
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THE FEB8FECTIVE OF oiBCLEE. Fifi* 73—This study is another application of the lesson 

given in Figs. 71 and 72, and represents a oylindriaal column 
To put circles and other curved forms into perspective, standing on a square base, and surmounted by a square slab. 


it is neoossary that they should first be enclosed in the 

nearest rectilinear form which 

will contain them. In the case 

of circles this containing form * 

will of courso bo a square. 

Now let Fig. 71 be the circle ^ X 
which we reqi^ to put into 
porspeotive. Describe about it 
the square a u o c, and put 

the same into perspective at a \^S==—- 

(l-’ig. 72). 

(It will be seen that tiie ''x 

length of the side A B is not 
contained in this figure, nor is 
the point of distance. The 
student wUl, however, under¬ 
stand this elementary ijrocoss.) 

Now draw in Fig. 71 the two 
diameters K f and u H at right 
angles to each other, and pro¬ 
ject tliosB in Fig. 72. 

Draw the diagonals A d and 

B c, and insert those also in ig- «• 

Pig. 72. 

Now those diagonals out the 
circle in the points M, o, n, p. 

Through those poiuW draw 
the lines i j, k l. 

On the perpendicular A c in _ _________ 

I'ig. 72 mark off the heights i, K, ——————— 

and draw linos to the centre of 
the picture. These will cut the 
diagonals in the points m,o,n,p. 

The perspective representa¬ 
tion of the circle must now bo 
traced by hand through tlio 
points B, M, H, o, F, p, a, n, e. 

In the present study tlio 

circle is supposed to be the ^ 

end of a cylinder, the longUi of 

which is represented by the :: 

dislanco from A to a. 1*' |< 

At a, therefore, put the square 
into^perspoctive, and draw the 
diameters h, and diagoimla. 

Then horizontal lines drawn 


Hero the lower and upper blocks are completed first, and tkon 
-v the dia&eterB and dia^nals arc 

|\. drawn on the upper surface of 

I the one and the under surface 

\ of the other. 

The points I and k ore men- 
\ Hurod from Fig. 71, the circle 

S. K being the same size. From 

'v these points lines are draws to 

'v, the centre of the picture, and 

\ the nonessary intoraeotions ob- 

's toinod through wMoh the curves 

\ are to be drawn, and these 

\ are afterwards nnited by verti- 

\ cal lines. 

V N 

' N Exebcibr 74. 

's I’ut into perspective a cylinder 
when its axis is parallel to tUa 
picture-plane, its ciroulor end at 1 
loot on the right ot the spectator, 
the ohjoct being placed at 8 feet 
within the picture. 

' The scale is j inch to the foot, 
tho height ot the spootator is 6 
feet, and the distance 15 feet. Tho 
diameter ot the cylinder is 5 leet, 
and its length 6 feet. 

Exebcise 75. 

Put tho same cylinder into per- 
' ' spoctive when its axis is at 60° to 

tho picture-plane, the object being 
situated in tho immediate fore¬ 
ground, at 2 feet on the left of the 
spectator. 

Exebcise 76. 

There is a row (four) of oolumns 
similar to that shown in Pig. 73. 
The following ore the dimensions: 
—Width of plinth, 4 feet; height, 
4 feet; width of upper slab, 4 
feet; height, 6 inches; diameter of 
colomn, 4 feet; height, 12 foot. 
The distance between tho columns 
is 8 feet. The scalo is ^ inch to the 
y' foot. Height of spectator, 6 feet j 

distance, 18 feet. 

Put into perspective two rows of 
columns as above, the one at 8 



from the points M, N, o, p will cut tho diagonals in the points 
»a, n, o, p, and thus all the corresponding points will be ob- 
tuined through which the ourvo is to bOfdrawn. 

The two ends are then to be united by tho lines h h and g- 
(Hie line q b is callod the axis, and tine cylinder is spoken of 
M ^ having its axis parallel to the picture-plane.”) 


' feet on tho left, and the other 4 feet on the right of the spectator, 

' both rows to recede at right angles to the plane of tho picture. 

Exercise 77. 

Put ato perspective the oolumn shown in Pig. 73, when the sides of 
the base ore at 40° and 80“ to the plone of the picture, the root of 
the conditions at pleasure. 
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SANITARY ENGINEERINQ.—TIL 

COOKING BT GAS. 

Ik oontmuation of our eerios of papers on gas mannfaotsre, 
Kid the various moans 0^118 application and consumption, with 
a view to economy and otherwiso, wo now oomo to cooking by 
gas, a process wo ventnro to think not generally understood, 
but none the less worthy of the serious attention of all classes 
of the oommunity. Its great recommendation is economy 
and the absence of waste. When a kettle has to bo boiled, 
or a chop to be cooked in the ordinary way, the fire has to 
be lighted, and to bum np to a oertoin point of heat before 
the kettle can be put on to boil, or the fire is sufficiently clear 
for the chop to bo cooked; and here is at once a large element 
of waste, as the fuel consnmed in getting the requisite amount 
of heat developed for the purpose required is all so much loss. 
When gas is used in cooking tho cose is different: thecas has 
only to bd tnrned on and lighted—^thore is no fire to burn up; 
the requisite cooking temperature is immediately available—time 
and money, as wo venture to think we con show in the sequel, 
ore both saved. 

Perhaps the simplest thing that has to be done in the way 
of cooking is tho boiling of a kettle; and about tho heaviest 
doily undertaking of a cooking nature tlie providing of the daily 
dinner of an iinmonso asylum, containing about 1,000 inmates. 
Wo shall endeavour, as far as our limits will allow, to give as 
definito an idea as wo con of how those very different results can 
be economically and satisfactorily carried out by gas, and gas 
alone. To begin at the begining. It has been ascertained by 
repeated experiments, into tho detail of which our space docs 
not allow ns to go, that tho most economical motliod of burn¬ 
ing gas for cooking purposes is with a certain large admixture 
of atmospheric air, about 30 per cent., or perhaps a trifle more. 
LigM, of course, tho purpose for which gas is ordinarily used, is 
in this case of no aooount, tho object being to develop tho greatest 
amount of beat from tho smallest consumption of gas, and the 
process is ^ follows. A No. 3 fish-tail humor, oonsnming 
Bay 3 feet per honr, is covered with a perforated copper bulb, 
about one inch or somewhat less in diameter; in the interior of 
the bulb the gas receives the necessary admixture of air, and 
when lighted outside burns with tho peculiar blue, lambent 
flame engendered by the admixture. An apparatus of this kind, 
whiifli can be need anywhere, only requiring its connection with 
gas, can be bought for three shilhngs; it will boil a pint of water 
in six minutes, and therefore tho caloulation stands as under— 
with gas at 3s. 6d. per thonsand cubic feet, the average London 
price, tho resnlt being worked out by decimals, some trifle over 
ona-tonth of a penny is the cost of the fuel consumed. In theso 
small fignros comparison does not show economically in a 
striking form, bnt we venture to say that no honsowifo would 
nndertako to light ten fires and boil ton kettles with a single 
I>ennyworth of fnel. Wo shall presently give some figures upon 
a larger scale, showing tho absoluto economy of cooking by gas. 

We next come to tho prooesses of toasting, roasting, broitbg, 
and frying. These are conducted by reflected heat from a group or 
oixole of burners arranged above the moat or other ortiole that 
has to bo cooked; on^ some most ingeniouB French apparatus has 
lately been introduced in which, by means of reflection from 
polishSd surfaces, very economical results have been obtained for 
every-day purposes. However, it may suffice to say that a gas- 
' cooking apparatus can be purchased for from 15a. to flOs., in which 
a small joint or a pair of fowls can be roasted by reflected heat 
bidow the gas-ring or oirole of burners, whUo above a kettle may 
be boiled, or vegetables, paddings, or similar matters placed 
above may be cooked by tho same apparatus. And hero let. it 
be borne in mind that the waste of fnri in ordinary cooking does 
not arise only from the lighting of the fire; after the cooking is 
doKe the fire has to burn ont, and therefore both before the 
cooking begins and after it is completed there is great waste of 
fuel wd hmt. When gas is used, when the cooking is done tho 
gas is tnmed out at once, and titins only exactly the required 
amount of fuel is oonsnmed. 

We now oome to a class of appacatns adapted for “ family 
use," and here more elaborate arrangements are requisite. Some¬ 
times they are simply eBastructed of iron, but recent improve- 
meats have introdnoed a lining of fire-clay, surrounded ontt^e by 
s(Hne porons, nan-oanduoting medium, which will allow the pro- 
dnota of combustion to {mm tiucoiigb, absorbing a portion, of 


them, the remainder passing off either by a flue or direotly into 
tiie external air, tho whole being encased in a lining of sheet- 
iron, and provided with a movable lid, also proteoted by fin- 
clay. An apparatus of this sort, 3 feet high, 1 foot 8 inches in 
diameter, with a single gas-ring at the base, will oook 40 ponnds 
of moat with a consumption of 50 feet of gas. The oalonlation 
of cost follows as *a matter of course; and here we will give 
tho record of an actual exporimoiit, in which, however, only an 
ordinary apparatus was used, without the improvements just 
alluded to. A dinner consisting of mutton, beef-steaks, pork- 
pie, apple-pie, vegetables, etc., complete, tho total weight some¬ 
what exceeding 15 pounds, was cooked with a consnmption of 75 
feet of gas, at 58. per thousand feet—the cost of fuel was 41d. 

In some recent experiments on a larger soole still more 
economical results have boon arrived at; but perhaps tho instance 
quoted is suffioient to establish the general prinoiplo, i.e. the 
eeuuomy of cooking by gas, tho requisite faoUitiea being first 
provided. 

We now further proceed to dosoribe a large oooking-range, as 
it may be termed, capable of turning out a dinner for 100 people 
—roasting, boiling, baking, frying—in fact, all the requisite pro¬ 
cesses of the kitchen. This will bo 6 feet long, 3 feet high from 
tho ground, and 2 feet deep from front to back—a very ordinary 
size for a common kitchen range; and tho general frame is made 
of plates of cast-iron, of which we may take the average thick¬ 
ness at half an inch, put together in the ordinary way. 

Tho upper Burfaco is devoted to boiling, stewing, and similar 
purposes, and contains a nnmbor of gas-riqgs with their burners, 
or, os they aro termed, open gas fires, upon winch tho various 
vobsoIb ore placed. These may vary in number according to the 
special requirements of tho establishment—we may say from six 
to ten. In the centre, and rising in a semi-circular form above 
the level top of tho stove, is a hot closet for warming plates, or 
similar purposes. Below the upper surface, with its open rings 
of fire, tho spaco is divided into three; on the left is the roasting 
chamber, similar to that before described, which will cook several 
joints at once up to the weight of 50 pounds. In the centre is 
the broiling fire, arranged with a tray a small distance nnder a 
gas-ring, and occupying only a few inohea in depth; this is large 
enough to cook say half-a-dozen chops at once, and may be de¬ 
scribed as tho gridiron. Underneath this is an 8-gaJlon boiler for 
hot water, self-feeding, with subsidioty cistern and ball-oock 
specially provided for that puipose. The right of the three 
divisions is a pastry or bread-oven, large enough to bako about 
eight quartern loaves or a dozen of pies, the heat being regulated 
aooordingly. What wo have desoribed is no theoretical or specu¬ 
lative arrangement; tho details were taken from an apparatus 
we saw in daily work at a well-known pnblio institution. 

We may say that similar appliances are at work in many 
hotels and mansions throughout tho conntty. 

We now come to the last branch of onr' subject, tho appli¬ 
cation of gas to the cooking tho daily dinners required for a 
thousand inmates; and in this case we quote our particulars 
from an extensive set of tho most improved kind which has 
been at work about six months at the London Hospital, White¬ 
chapel. In this ease tho extant of the apparatna requires 2 
separate provision for oaoh partionlar process—^the roasting, 
baking, and boiling—^with the latter, however, tho broiling is 
contained in ono frame; and these different arrangements ooenpy 
one side of the large kitchen. On entering we first oome to tho 
ovens, two in number, each 6 feet high, 8 feet wide, an# two feet 
deep, the gas-ring in each case running round tho bottom, wl^e 
a series of wronght-iron, light, movable shelTeB, oommenomg < 
about 2 feet above the ring, extends to tho upper part of thesiven. 
Upon these the pies are placed, and oaoh oven will bake fifiir 
pies at one baking, the time varying, of course, with the nature 
of the dish, from a meat pie to a light pudding. 

Next in order along the wall is the apparatiu for boiling. The 
frame, somewhat aimilai to one jnst described, on a smsllor 
scale, has fonrteen open gas fires, varying from 8 irnffies diameter 
np to 12 inohes, the larger openings oontaining a doable ring of 
fire, one within the other. By the anongement of the pipes and 
taiM, either the inner or outer ring' eon be need separately, or 
they oan both be used together. The size of the whole frame is 
8 feat long, 2 feet wide, tad 8 feet high. 

Bdow these open fires another series of rings is srraaged 
for btoiling or frying. There is, of course, a horhontsl division 
between the tiro, and under the second series of fires axe 
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umnged b!z tnjB, each 20 inohea long and 12 inobea wide, 
eliding in and ont; oaob of these traya will cook 20 chope or 
tbereabonta in a few minntea, will fry fieh aa required, or do any 
fdmilar cookery. 

Next adjoining is a roasting cupboard, about which wo need 
not go into deU, aa it is only used for casual purpoeos, and 
somewhat resembles that before described, with the exception 
of being in two heights, one above another, each 3 feet, with its 
separate gas-ring. 

The series is completed by the groat roasting apparatus, or 
roasting-well as it may bo termed, as it is entirely below the 
floor-line, and covered with a largo, hinged, iron cover, level 
with the floor, and raised by machinery specially designed for 
this object. The well itself is circular, 4 feet in internal dia¬ 
meter, cased round with fire-clay, and with an external lining 
of porous, non-conducting material; and into this wcU descends 
an open frame of light wrought-iron, upon which the meat to 
be roasted is arranged on horizontal spits. It wUl cook 500 
pounds of meat in one operation, two hours being tho time re¬ 
quired, and the consumption of gas 250 feet. There is a largo 
doable gas-ring round the bottom; both rings are lighted when 
jtho roasting begins ; when it has gone on for a certain time one 
of these is tamed off, and the cooking finished with the other. 
When the meat is done tho lid is wound up, and tho frame lifted 
out bodUy by means of a crane, tho removal occupying but a 
few minutes. Beneath all - s the dripping-pan (approached by 
a small iron staurcase), and this has, of oourae, to be cleaned 
ont after every roasting. 

Tho entire cost of this largo and complete cooking establish¬ 
ment may be roughly quoted at X1,000. Wo arc unable to give 
any absolute experimental results as to tho saving offooted by it, 
as ooiuparod with tbo ordinary methods of cooking, because in 
this case it snporsodod an old-foshionod apparatus for cooking 
by gas already in use, in comparison with which, however, it 
efieets a saving of ^300 per annum in moat and gas, os proved 
by the printed reports of tlio hospital. Could tho comparison bo 
directly moi, tho results would, no doubt, bo startling indee<l. 

We have thus endeavoured, os far as our limits will allow, 
to give a general idea of tho methods adopted for cooking by 
gOB, from tho smaHost to the most extensive scale. There ore 
many manufacturers who make this class of opparatus thoir 
apocial study, and the number and variety of the applica¬ 
tions of details are almost endless: many illustrated cata¬ 
logues are published, showing how almost every class of appa¬ 
ratus can bo most readily obtained. We have only been able to 
convey a general idea of the process, tho use of which, however, 
recommended aa it is by cleanliness, efficiency, and economy, is 
rapidly extending._ 


OBJECT DRAWING—VII. 

It is not doomod nBcesaary hero to give a^y further instmetiona 
os to shading^. Tho a-pplioation of tho piiuciploa will bo further 
ahown in tho figuroa which aro to follow. Tho student is 
to t hinlc for ; to plftoo two or throo blocks of wood in 

“ various positions, and by moving tho light (or, if that bo fixed, 
the models), so as to observe tho varying effects of light and 
shado: tho manipulativo prooess ia tho result of praotice, and 
this may be obtained by covering, at first, small surfaces, and 
subsequently larger ones, with flat tints of various degrees of 
darknesg, and hatching them in vortdoal and horizontal diroc- 
tions. He must, however, boar in mind tho axiom already laid 
^own, that no amount of shading will remedy bod dra^g, and 
that therefore by far greater importance must be attached to 
butlines than to slmdes. In oil the lessons, therefore, the 
oiples on which tho outlines are based are fully given, so that 
important point may not be lost sight of. _ ,, i 

41 represents two cubes, one of which is paroUel to 
the picture, whilst the other is placed angularly, the upper one 
being snmiountod by a pyramid composed of four ec^uatoral 
triangles. Of oonrso, the lower cube is to be sketched feat, ana 
in this view it has been so often drawn that it will not be 
neoessary to give any instruotiona oonoeming it, and w« wiU 
therefore proceed with our etudy of the upper objeots. 

It will be clear that, when the sidas of a cube are at equal 
sniSea to tim plane of the pioture, the one diagonal of tho base 
wiU .be parallel, and tho other at right anglea to that plane, 
will be understood by Fig. 42, which is the plan of two 


cubes, placed in tho manner described, A b c o being the plan 
of the lower, and e a f h the plan of upper, i'^om this it 
wiU be seen — (1) that the diagonal a H of the upper cube is 
parallel to A 1>, the front edge of the lower one ; (2) that the 
diagonal E F of tho upper cube is at right angles to A D and B o 
of the lower cube, and thereforo to tho plane of the picture; 
and (3) that the intersection of tho diagonals of tho upper cube 
is in this position exactly on tho intersection of the diagonals of 
tho lower one, as if one axis penetrated the two. Therefore, let 
abed (Fig. 43) bo the upper surface of tho cube. Draw tho 
diagonals a e and d h, and through their iutersoctione draw g h 
parallel to a d, and e/ in tho direction of the point of sight, and 
projecting beyond a d and b c. From e draw linos to g and h, 
and produco thorn. From g and h draw linos converging towards 
/. Tills will bo occomph^od satisfactorily by making hf and 
g/ rather shorter than c <j and c h. This, then, will complete the 
plan of the upper cube, which is thus given in a separate figure 
in order to avoid confusion in the drawing. 

Having brought the sketch (Fig. 41) up to tliis stage, draw 
the front edgo of the upper cube, which, it must be remarked, 
must be slightly longer than the edges of tho lower cube, sinco 
it is rather nearer the eye, being, in fact, tho most prominent 
line in the picture. From tho upper extremity of this line draw 
tho edges convergent with the lower ones, and in tho somo 
manner draw tho book edges of tho cube. Draw diagonals, and 
at thoir intersection raise a perpondioular, on which mark the 
apex of the pyramid. Join this point to the angles of the cube, 
and thus complete tho outline. Assuming that this has all been 
sketched in charcoal, and oorrootod with chalk (No. 1), tho 
shading may now bo proceeded with. 

The shadow cast by the projecting angle of too upper cube 
on the front of the lower one may bo rubbed in first; then the 
shaded side of each of the cubes, and of too pyramid. In tois 
tho student will observe too side of too upper cube not being 
as directly turned from tho light as that of too lower (tho first 
being at 45" and tho latter at 90"), will not bo so entirely pre¬ 
vented receiving light, and will therefore bo rather lighter in 
clinAo than too other j whilst too side of the pyramid will bo 
still less shaded, owing to the slanting of its surface. 

Tho highest light of all will be at too front edgo of too pyramid, 
tind tho side nearest tho light; toe brightest light being on tho 
prominent edge of the cube, which similarly will gradually merge 
into toe general tone of toe whole side. 

Tho triangular shape of too cost shadow is caused by too pro¬ 
minent angle of the cube, and too variation of tois with tho 
slightest alteration in position is exceedingly interesting to 
observe. 

Tho group (Pig. 44) which will now form too subject of our 
remarks, is composed of a cube, on which stands an oblong 
block oovorod by tho square pyramid. 

The following aro the proportions of too objeots: toe culm, 
fi-inoh side; the oblong block, 4-inoh side and 12 inches high; 
and tho pyramid 4 inches square at its base. These arc the sizes 
of tho models on which these lessons are based, but of course My 
other proportions would do as well. It will thus be seen t^t '’vhon 
toe oblong block stands on its end upon tho cnbe, a mor^n is mft, 
and too same width is also seen of too under surface of the base 
of the pyramid, which rests on and overhangs tho oblong plook. 

The front edge of too cube, being too most prominent line, is, 
of course, to be drawn first, and tho cube finished in the nngula* 

view as placed. . , 

Now it is evident that since toe sides of the two blocks arc 
parallel, their diagonals wUl bo coinoidont; that is, the diagonws 
of toe base of too oblong block wiU rest exactly on those of tho 
surface of the cnbe, but they will not equal them in longto. 

Having, then, completed too cube, draw diagonals in too 
upper surface, mark off on too diagonal which raossos from toe 
most prominent angle the apparent distance ™ 

nprfght block, and from this point draw lines to the vanishing- 
points of too edges of tho cube, or at least 


points of tho edges ... --- —-- 

toom, so that, if produced, they would meet ; for as too 
advances, ho is not expected, in hand-drawing, to ^ ® 

vanishing-points, and rule toe lines. A knowledge of the prin¬ 
ciples end observation of appearances wUl enable him to dmw 
from objects with tolerable oorrectnoss, 

drawmg is not intended to serve os a snbstituto for toe ^dy 
of perspective, bnt aa an application by eye Md ha^ 
vionsly acquired rules, which ^lave been aoonxartely and oaiefuUy 
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worked out: even as writing’ a letter or other oompoBition is an 
application of the rales 'of grammar to which we have become so 
habitoated that oorroctness comes ahnost by intuition. 

These linos, then, tending to the vanishing-points, are to be 
drawn until they cut the diagonal which extends horizontally 
across the cube; and from these points lines drawn in the oppo- 
«to direction will moot on the first diogonolB and complete the 
base of the upnght block. 

In the present position of the ctnbe, the one diagonal is hori¬ 
zontal, whilst the other, being at right angles to the plane of 
the picture, is drawn -to the point of sight. As already ex¬ 
plained, this is because the object is placed at equal angles, 


sented. Of course, this wonld not be ’visible nnleas the model 
were transparent; but, os said before, it is best in the first 
sketch to assume this, in order to account for lines which ore not 
visible, and to find the places for others which depend on them. 

I Through the distant and near angles of this inner surface 
I draw a diagonal and produce it, remembering that, os the 
pyramid is exactly over the cube, the diagonals will bo over each 
other, and therefore this one will converge to the point of sight 
—as does that of the cube—and the other diagonal will be hori¬ 
zontal, sis already explained. 

On the first diagonal mark the moat prominent angle of the 
base of the pyramid, which will, of oourse, bo exactly over the 



hut would not bo the case if it were in the slightest degree j front angle of the onbe. From this point draw linos to the 
rotated. ’vanishing-pomts, ontting the horizontal diagonal in points wUoh ^ 

Proceed now to draw ■the perpendicular edge of the oblong i will give the angles of the base, both of which again will be 
hlMk which is nearest the eye, and ha'ving fixed its apparent ’ over the oorreeponding angles of the onbe. Prom these points 
height, ^aw lines to -the vanishing-points for the horizontal lines drawn to the opposite vanuhing-points ■will give the back 
edges. In the present study the objects ore placed so that the ’ lines of the base of the pyramid which are in the ■view only 
level of the eyo ia about the middle of the height of the group; i partially visible. 

whilst, therefore, the linee of the cube and the base of the oblong j Tho apex of the pyramid will, of eburse, be situated on a 
block tend upward, those of the top of the block and of the base | perpendicular raised on the intersection of tho diagonals. It is 
■of tte pyramid incline downward. | advisable, in order to test the exactness of sabjects each os this. 

Now from the loft and right angles of the base draw perpen- i to skettdi the inner surface of the base and draw diagonals, then 
dionlors for the two other visible edges of tho object, and from I a line passing through the intersectionB of each set of diogonels 
the fourth angle draw a perpendiot^ which wdl be termii^ted | shoold be on obsolntely oirtical line—^he axis, in foot, of the 
by hnes drawn to the v an is hin g-points from the extremities of i whole group. 

thepo^endieulara. i He method qf shading this object will bo given in the next 

MO inner surface of the top of tj|e object wQl thus be repIe^. I lesson. 
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OPTICAL INSTRUMENTS.—XII. 

BT SAHUBL HiaKIiXT, B.a.B., BTC. 

80UBCSS OF LIOHT. 

Maddoit’t Hdioitat is the sunpleat in oonstrnotion, and 
meets every re<iaiTement whore » email etationory beam of 
ia required. It oonsiats of a atont base board surfaced with 
metal, 0 (Pig. 34), 5| by 9, by 1{ inohos thiek, supported on three 
ievell^ff>eerewe, B. In ^ oentre of this base board a circular 
well is sank in which ie fitted a oiroalar levelling box, s, and a 
oompoae-boz having a 2|>ineh needle, d; no iron must be used 
in the base board. To the upper surface a stout zinc box, a, 
abont 5 inehes sqnare, and 
deep enongh to hold an 
Amerioao ship’s dock, is 
hinged at B. This box is 
set to any angle—to suit 
the latitude of tiie place in 
which the heliostat is set up 
—by means of two dotted 
stmts, o, hinged at B, to the 
base, bound by pivots, and 
fixed to the side of the dock- 
box by damp-screws s, work¬ 
ing throngh the slots. A 
piece of brass with two pro¬ 
jecting arms, J J, *et exactly 
of right angUt to the face of 
the box, supports the “ polar 
axis,” X, which is kept in 
place by a stod pin passing 
throngh a hde in the upper 
arm, and by two small 
bevelled friction-wheels, o, 
resting on the upper surface 
of die lower arm, throngh which the axta smoothly works. To 
die lower end of the axis is attached an oblong metal frame, 
i< I., that carries the refieoiing mirror H (the back of which is 
represented) : one arm of this mirror-frame is longer than the 
o^er, and terminates in a small oubiosl box, f, for adjusting 
the refleotor (according to the method of Dr. Curtis, U.S.A.), 
which is hing^ so that it con bo placed in front of the side of 
die mirror, or turned out of the way when the adjustment is 
completed. The length of the axis and frame depends upon the 
length of the mirror, but it need not necessarily exceed twelve 
indies from the upper support to the end of the cubical box. 

The polar 
aadsis rotated 
by means of 
an endless 
band passing 
overagrooved 
wheel, H, fixed 
on the axis of 
thehour-hond 
d the dock 
(from which 
the hands 
have been re¬ 
moved) and 
an other 
g r o o v*o d 

whed, I, twice the size of the former, fixed on the axis, x, 
• two holes being pierced in the dock-box to allow the passage 
of the endless band. The polar axis mokes a revolution once in 
twenty-four hours. If desired, the wheel h may have n dial 
plate on its upper surface divided into twenty-four hours, and 
numbdred from 12 above to 12 below, for the purpose of setting 
the instrument to time, the reading being taken from on index 
screwed to the face of &e dock. 

The mirror may also be set by means of a graduated arc fitted 
to its axis, to obtain adjustment for declination. The mdcx- 
1^ is engraved on the arm of the mirror-frame. The zero 
pdnt on the arc should be taken at 46“ from the diameter of 
the see that passes through the plane of the mirror’s surface. 
The arc ia graduated into holf-degreel, for 24 half-dogTe<ja to 
sadi vi de d the aero-line; each half-degree being numbered 

#, 8, etc., counting each way from the sero-line, so that each 


I half-degree to the left or right of the sero-line gives the neces¬ 
sary adjustment of the mirror for each whde degree of the sun’s 
declination nerth or south respectively. To make the adjust¬ 
ment, turn the mirror until the index points to the nnmber on 
the graduated arc which represents the actual degree of deoliv 
nation of the sun for the given day. 

These comdieations ore, under ordinary ciroumstanaeB, ren¬ 
dered nnneoessaary by employing Curtis'e Helioitat A^eter, 
which is thus describe by its inventor 

f' gives a perspective view of the cubical box; N shows 
tho arm of the mirror-support to which it is famished 

with a projecting knee, to prevent the box from taming 

too for book upon the hinge. 
In tho face of this Imx 
which fronts to the sun, is a 
fine slot, ranning exaoUy 
north and south, and upon 
the nnder-faoe is a corre¬ 
sponding slot or line. Ihen 
to set the heliostat for time, 
it is only necessary to rotate 
the polar rod nntil the fine 
ray of sunlight passing 
through the slot in the upper 
face falls exactly on the line 
on the nnder-foce. In a 
similar manner the side 
which ia turned towards the 
surface of the mirror has a 
fine slot cut through it in a 
direction at right Siigles to 
that of the o^er slot, and 
upon the opposing sni&oe is 
a corresponding slot or line. 
Since these two slots lie in the 
direction of tlio polar axis, it is only neoessaiy, in order to set the 
mirror for declination, to turn it until the reflected beam from its 
surface which passes through the slot in the side falls exactly upon 
the indicator slot in tho opposite side. After the adjustments oie 
mado, tho little box may be turned up on its hinges, so os to rest 
^minst the supporting arm, and leave the reflected beam from the 
mirror unobstructed. The dotted lines show the directions of the 
direct and reflected rays when the adjustments ore corrected. 

ABTIFICIAI. SOUBCEB OF UOHT, 

Many heads have been at work within the lost few yean, 

trying to die- 
cover new 
compounds, 
a r r a n g o- 
monts, and 
forms of 
lamps that 
will give 
the greatest 
amount of 
light with the 
least amount 
of trouble and 
discomfort in 
preparation, 
to meet th. 

requirements of Inotnrors and amateurs who only require a 
lamp for occasional use, or for those who are nervous os to 
employing the most powerful light-giving apparatus; others 
have been trying to obtain still greater power out of tho oxy- 
hydrogon jot, and simpler or safer ways of manipulation; and 
a few to secure tho most intense light attainable by man, that 
should even out-rival and render him indepomU nt of the sun 
as a source of light, whoso face is too often hidden in this omr 
moist and doudy cUmo of England, when we most want his 
assistance. In this hold aspiration—almost os daring in thought 
as that of the builders of Babel—Wilde has beau suooes^l; 
for, from a pair of carbon points, half an inch sqnare, piawd 
on the top «f a lofty bnilding, tho light evolved from his 
magnetp-olectrio machine was sufficient to OMt the shadows of 
the flame of street lamps a quarter sf a mile dwtant, upon * 
neighboniiog wall; while at noon, on a clear day in the monta 
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of Muoli, tLe direst rays of the stin took one nunnte to darken 
a piece of senettiTe pkotographio paper, the light emitted at 
two feet from the reflector of this eleotrio light darkened it to 
an' etpud degree in 20 3eeond $; and on a day in June, Mr. 
Crotikee estimated that tins eleotrio light had three or font 
times the luminous and oaloriflo power of the sun at mid-day, 
at a cost of only a halfpenny per hour, practical not theoretic^ 
Talue, for the driring power of this giant induction machine 
of Mr. Wilde’s invention. 

Mr. Crookes farther remarks that, “ It wonld bo an interest¬ 
ing problem to oalonlate what would be the result of driving 
the 82-inoh armature required for a 100-ton magnet, with (say) 
a 1,000 horse-power steam-engine. If the power generated by 
this machine ^d not at once bum up the working parts, dissi¬ 
pate the eloctrio lamp and conducting wires with a mighty 
mq>loBion into space, and strike dead ^1 the attendants with 
one lightning flash—it it wore at all manageable, and were put 
on a high tower, it would probably give light enough to make 
London by night considerably brighter than London by day.” * 
Art^ieial Star. —The optician einploys the sun, tiic moon, or 
a star for “ adjusting ” spectrosoopes and other instmmenta. 
As these ore not always accessible at the moment wanted, an 
artiflidal means of obtaining parallel rays for snob a purpose is 
very desirable, and is attainable by an arrangement devised by 
Mr. Heisoh. It consists ot a bead ot platinum, s (J^. 36), made 
by fusing a bit of fine wire with an oxy-hydrogen blow-pipe, 
whioh yields a smooth, bright metallio surface, admirably 

adapted for refisoting a 
bright point of light. 
This is Imdded in a cork, 
painted dead black, fitted 
into a brass cap, that 
slides into T, a tube about 
84 inches lopg. To the 
side of this tube, a little 
lamp, similar to that 
represented in i’ig. 13, 
page 156, is fitted by a 
smaller diagonal tube, so | 
that-its light may bo con¬ 
centrated on tho bead 8. 
At tlic other end of the 
tube a little condenser, c, 
is fitted, composed of a 
plan o-con vex and a donble- 
convex lens, the combined 
focus of whioh equals 3 
inches; this is focussed 
on the Ulnminated bead 
till any irregularity of 
surface isdetoetablediher 
by a normal eye, or when 
examined by a telesoopo' 
that has previously been 
set to tho focus of a real 
star; the arrangement 
then yields parallel rays, 
and may be treated as a 
real star, and be employed 
as a star is for optical 
adjustments. This arti- 
floial star wonld be of 
great use to the spectacle- 
maker, as a moans for focussing his glasses, which I omitted 
to mention in jny previous article on sjuiotacleB. 



THU BT.BCTRrc IJGHT. 

The electric light may be regarded under throe heads— 
namedy, “the vacuum system,” “tho contact system," and 
“tho arc system,” to prevent oonfnskin ot ideas os to what 
the eleotrio H^t proper really is. 

The eocuuin light 1 mention more ns a suggestion for tutnre 
elaboration, and os suitable for special experimental requirements, 
whena mtderateVy brilliant due oj light can be brought into play 
without much trouble, by simply lowering tho plates ot a battery 

-Sj--- 

* Hm' ** a Hew Sra in Ilbiininatiou,’ ttf W. ilnohitt 7.B.8, 
({{■srtiHy Jvmmi it Soimtt, Oetohsi, 164a.) 


into the exciting solution by means of a windlass, the battery 
in such ease being a “ calerimetor ” or “ quantity axrangame&t,” 
Smeo’s being the cleanest and most oonvenient for this purpose, 
though the biohromate carbon battery, with an arrangement for 
pumping air into the bottom of the solution, may be employed, 
l^e vacuum light consists of a platinum wiretwistod is slcf-sag so 
as to occupy a disc of tho required size i tiie efida are riveted 
into two stout oop- 
I>er wires that pass 
through two brass 
caps and then ter¬ 
minate in binding- 
screws, The caps are 
cemented to the ends 
of a glass tube, that 
encloses the disc, and 
is supported in a para¬ 
bolic mirror, so that 
the disc stands in tho 
focus of the para¬ 
boloid, which in turn 
is supported on on 
adjusting rod. To 
one of the caps a 
tube is fitted, so that 
it can be connected 
wiihagood afr-pnmp, 
that tbe tube may bo 
simply exhausted, or 
a vacuum of any givex 
gas produced, when 
a special tint of light 
is required, or for 
urging a column of 
air or oxygon through, 
tho tube, aocdnling 
to the nature of tho 
light required. Tho 
arrangeinentis shown 
in Fig. C6. On tho 
calorimeter being 
lowered, tho reaiat- 
ance offered by the 
platinum causes the 
wire to glow, even to 
the melting-point, and though tho turns of the wire do not 
toneb, still, from tho property of incandesoont wires to appear 
of increased bulk, the disc looks like a solid mass of light. 

Con tact Light .—Of late years we have heard df “ ua electric 
regulator,” worked with six oeUs, which, it is alleged, will pro¬ 
duce a beam tliat anpersedos the lime-light. Now as a regu¬ 
lator in no way adds to the battery power—and we have been 
aoenstomed to use from twenty to sbety eoUs for the production 
of the recognised amount of light—^to those who have not been 
aoenstomed to get a quart of wine out of a pint bottle, this is 
rather a startling announcement, espaoially when wo are told 
that a nine-feet disc eon be brilliantly jjlnminated by this smaU 
number of eolls. Tho battery power being so small, it is 
nooossary to keep a pair of very fine-pointed oarboh poles touch¬ 
ing each otiier, to produce a small vivid point of light or 
“ Toltaio Bpark ,”80 ttot we may oall this “ tho contaot system ” 
in contradistinction to tho oro-prodnoing method, where the 
carbon poles are palled apart to prodnoo the “ voltaio bro.” 

A contact-regulator maybe thus typified;—An upright, tT, at¬ 
tached to a base board, B (Fig. 87), carries an eleoti^magnot, * 
H, to the poles of which an iron tube is fitted; through Ws^ 
round polished iron rod smoothly fits, that oarries the upper 
carbon, c, whioh rests on tbo lower carbon, o'. The lower oarbon 
c‘ is clamped by a screw into a socket tiiat is adjustable by a 
screw fitting a. Both A and H are oonneoted by wires "udih 
their respective binding-screws, B, B. When the poles are eon 
nected with tho terminals of a Grove or Bunsen’s battery of 
six or seven cells arranged for intensify, the onnent passes 
through the wire of the electro-magnet M, magnetises the iron 
tube (which, acting on the iron rod, holds it firm), and then 
p a s s i ug throng the efuboBS, eauaes them to amti a bright 
eleotrio spade, that oontinuee as l<mg as the pfiata are in 
eeataet, for if they bum «way-BD m to lwre^»tgiaM-b6t«nMi 
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thorn, a diotasoo wonld soon be arrived at, over whieh the 
ourroat ooold not, for vaait of gaffioient power, jump, and the 
light would be extingniahed. The exact point at which the 
current will paas and the light continue, is termed “the 
striking distance.” To provide for this point not being over- 
.^tapped, the magnet oomee into play, for when tlie power of the 
current is weakened by an intervening space existing between 
the carbon points, the power of the electro-magnet conse¬ 
quently becomes proportaonately weakened, and so, losing hold 
of the iron rod, allows it to slide till the upper carbon again 
rests upon the lower, and thus re-establishes the intensity 
of the light and magnetic power also. If more than six cells 
are used, the carbons may be separated after contact, in 
proportion to the number of oells employed, by means of the 
adjustment. 

This, however, requires oaroful watching and manipulation of 
the adjustment, or the light win be constantly extinguMied. 
In a limited sense such contact arrangements are automatic, 
but, as a role, hand-adjusting regulators ore more convenient 
and trustworthy at an equal cost of apparatus, especially if 
required fur loutoru demonstrations and spectrum experimeute. 


SANITARY ENGINEERING.—VIII. 

ON VAEXOUS APPI.IANCBB OF OAS TO DOMESTIC AND 
COMMERC'fAI. PUItPOSES. 

OAS BATHS, OK BATHS HEATED BY OAS. • 

Thisre arc many advantages in heating baths by gas—cleanli¬ 
ness, as there is no cool-riro, smoke, or ashus ; cimvonience, as 
ihe gas can bo lighted at any momont, and therefore tlic Itaih is 
at oniH! availablo; and economy, as wo shall proceed to show. 

The simplest and perhaps most usual form of gas bath has a 
small cistern, holding a few gallons, oommnnicating by two pipes 
of cuusidurablo sixo with the body of water in tlin bath, the 
quantity of water required being about forty to fifty gallons. 
The bath must be first fiiUud with water to about the level of the 
upper pipe before tho gas i.s lighted. An iiignuions urraiigc- 
ment has been made, by which the doable ring of biiinors or 
jets beneath tho boiler, nnj just at tho level of the floor, tnay 
be hinged, so as to swing out clear of the eistern, for con- 
voniene.o of lighting, and then returned to it.s place. The 
heatod water from tho top of Iho small boiler pas-os off through 
tho upper pipo into tlio bath, the cooler water iTtiirning to tho 
boiler by the lower pipe, a complete circulation being thus esta¬ 
blished. It has boon proved by calculation — the gas being 
burnt by motor -tbiit forty gallons of water may bo heatod to 
100® Fahrenheit at a cost of twopence. Tho objeotiens are that 
it is always necessary that tlie bath should bo full, or nearly so 
before the gas is lighted, and that a very considerable amount 
of steam is evolved during the process, indicating a certain 
waste of heat, besides entailing by its presence some amount of 
actual inconvenience. 

To obviate theso difficttlties sovoral inventions have lately 
been brought out tor heating the water to the rminisite tompo- 
sature by circulation through metui heated surfaces, so that it 
may be discharged into the bath at once at tho temperature 
required. In those oases the filling of tho bath is a gradual 
pincess, n>gn1atod by tho apparatus employed and tho tempe¬ 
rature of the atmosphere at tho time. Our space does not 
allow us ^ describe the mechanical particulars of tho methods 
in use, but in some future ijapers on heating by hot water wo 
^ may probably go more into detiul. 

It should, however, always be borne in mind that it is im- 
partoat that tho produots of gas combustion should never be 
allowed to mingle with tho water, as in that case they n-v 
absorbed in considerable qnontitioa; and in some instances the 
snlphfibrous acid will impart a distinct flavour to the water. A 
further advantage of gas baths is that they may bo made per¬ 
fectly portable, and in houses not provided with the necossary 
oonvenience, if the gas is only laid on by a flexible tube a warm 
bath may readily be obtoinod in about half an bout. 

FATmiT OAB STiOATS, FOK THBATBICAD FTTRFOSES. 

The me of gas at the foot-lights has {or many yoors obtained 
In our theeitree, but bae always hitherto been attended with a 
<>BtaiiB amount of dwger. The draught of a pawing drew haa 


Bomotimes been suffioient to produce a flare of tho ga-s, the 
dress has oaught fire, and serious accidents have lieon tho 
result. In like manner a gloss win sometimes suddenly brook, 
without warning, and any one who has seen tho rusli made to 
turii out tho gas will readily appreoiato the apprehonsion to 
which such an accident gives rise. Within the last few years, 
however, an invention has been introduced which materially 
modifies, if it docs not ontiTely remove, all these' sources of 
danger and inconvenience. 

Tho range of Argand burners composing the float are arranged 
upside down, a wruii^'ht-irou flue being pr<>vidod, into which the 
products of combustion iirc received and conducted to a special 
upcast flue, provided for the purpose in tho construotion of tho 
building. To set the di’angbt fiUrly in motion a small burner is 
provided in this shaft, which must bo lighted some little time 
before the burnor-s fit the float, to create on ux>draught; and 
when this is fairly set going, curious to say, the burners are as 
efficient burning downwards as when lighted upwards in the 
ordinary way. Each buj-ner is hinged to a tap, and supported 
in its position by ihe glass alone, which surrounds its own 
special opening iii the rvronght-iron fluo. When a glass breaks 
under this system, tho burner falls by its own weight, tnmittg 
itself out by the motion, and ail risk is thus avoided. It is 
usual to provide, a few itiohes above the bottom—which in this 
ease occupies the i>oHiti<in of the toj* of the burner—a oovoriag 
sheet of thin wrought iron ns n, further protection; and s* 
thoroughly is security obtained, 1! at upon this sheet of iroa, 
when the burners aro lighted, j, light cnudiric hundkorobief 
cun be laid, without exhibiting tlio slightest sign of scorcb- 
ing. Tho advanta'fo.s are manifest: great seenrity from fire; 
thorough and comidido removal of tho products of uombustioii. 
a most inqiortaid. matter in connection with the ventilation of 
theatres; and all tliis nithont uny increase of cost, as the 
patent float is in evci-y way a.-! thoroughly efficient for lighting 
purposes as those hcictofore in u-o. 

Wo may here notice an ingenious little coi'trivanoo for bed- 
roeJm nso, to show the “ time of night.” A gas-burner alighl. 
j ail night in a bcil-rooin is apt lo pi-oduco a curtain olosoness erf 
, atmosiiherc. which, if noi. carried io tho jioint of nnhcalthinesn. 
j is nevertheless very often niicoinforfttble; ali the samo time a 
! certain amount of light in a bud-room is always desirable, with 
I tho object, if no ol her, of being able to seo “ what time it is.” 

I I’ho ordinary gas-brncket is mridified in coustrnction by a 
I bent arm attouhed to an angle in the centre of about 90®, and 
at the angle is jilaced a jet, so small as to {irovide only a bttlu 
I bead of flame. At tho end of tho bent arm is the ordinary 
' burner and globe; at llic end of the straight arm is adjusted a 
I magnifying-glass, so arranged lliat when the sleeiier's watch is 
I hung rgainst the wall, on a hook provided at a proxierpohii fsr 
the purpose, by a single glance ho can seo the time by tho light 
given by tho liny gas jet provided for the purpose. TIic noees 
I sary fittings cost only a few shillings; but for invalids, etc., 
it jirovidos a certain comfort at u small expense. 

GBNEKATION ok KTEAM-I-OWKft ItV OAfi. 

AHhsugh not strictly a domestic object, yet in Large ware, 
houses and hotels it has bcuii introduced for what may be called 
household purposes, lifts, etc. 

I Tho method adopted is i.o introduce a small steam-engine, 
goncrally of about iwo-luirsc power, with a boiler of ordinoiy 
construotion in all respects but one, and that is, that instead 
of being boated by a coal-fire, the necessary heat is generatec 
by a scries of gx'oiips iif gas-burnors fixed below, which may be 
I dc.scrib<jd us smuU comiiact nun-biiruors, four or five inches in 
! diameter, consuming the gas mixed with a certain per-ccutage 
of atmospherio air, on tho samo prineiplo as wo have previously 
doscribod in our paper on “Cooking by Gas. Tho cost of the 
gas required to work a small sleam-cnguio, us above, has been 
oscortainod by experiment to be about sixpeneo per hoar. 

The detail of iho machinery ior tho ongiiic .and liA is 
beyond tho scope of our present subject, bu(. the uooossi^ 
information can bo readily obtained from those convoraant with 
similar matters. 

The bmall engiuo and boiler together will only occupy abrat 
fifteen feet superficial of room, and may bo taken as eosri&g 
about j 6200; and wo may montion, on n prmrfical instoMe lef 
the sutbflssful application of tho principle, Meiers. Leaf! * 
knowa warehewuwp in Old Change, where a lift ie ■worliei, wUA 
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deliverB all the goods to the seveiaJ floors of a lofty warehouse, 
doiiig work whinh, under ordinary cnrcumstonoes and by manual 
labour alone, would require from twenty to thirty men. Neither 
stoke-hole or other appliances neoesaary for ordinary steam- 
power are required; and there is this important oommeroial 
adrantago, that the firo-oifloes charge no extra rate for this 
peculiar description of machine. 

We conclude our series of papers on gas by a notice of an 
engine recently introduced, which avails itself of gas as a 
motive-power, but in a somewhat novel manner: we allude to 

BOOON’s OAS-XNaiNK. 

In all our previous descriptions of various appliances of gas 
the gas is burnt in the ordinary way, through burners of various 
forms and oombinationB, care being always taken where atmo¬ 
spheric air is burnt in conjunction with it that the mixture 
shall be kept below that point at which it becomes explosive, as 
it is well known that a certain per-oentage of admixture of gas 
with atmospheric air is excessively dangerous; and when we 
read of explosion of gas it is never the pure gas that explodes, 
as of itself it does not possess that property, but only acquires 
it when in the oombination above mentioned. In the Hugon gas- 
engine, howevei^ this particular explosiye mixture is utilised as 
the moving element in the machine. It reeembles kt its construc¬ 
tion a small horisontal steam-engine. It is usually oonstruoted of 
one or two hoiue-power; and the motion backwards and forwards 
of the piston is obtained by Ailing either end of the cylinder 
alternately witii what may be termed a charge of gae and 
atmospheric air, mixed in tiie proper jtroportions, whidi is then, 
by the self-acting motion of the moobine, brought into contact 
with a lighted gas-jet at either end of the cylinder alternately, I 
when combnstion, or more properly explosioa, at once ensues.' 
Ko boiler is of course required; the gas has to be laid on, 
and that is all. The products of combustion are almost nil, as 
the remnant of each explosion is only a small quantity of 
moistnro. The motion is regulated by a fly-wheel, as in the 
case of an ordinary steam-engine; and upon the shaft of this 
wheel pulleys can bo fixed, and by means of bands or otherwise 
all the operations of light machine-work carried on—pumping, 
grinding, hoisting, and all oognate processes, requiring only the 
adaptation of the requisite machinery. 

Au engine of one horse-power costs ^80, and a three horse¬ 
power ^130. Scarcely any sotting is required. It is slmost as 
easily fixed os a billiard-table; and when not actually at work 
there is no expense whatever. The consumption of gas for a 
small-sized engine may be taken at sixpence per hour. 

'With the sundry matters included in this paper wo conolnde 
the subject of gns as a branch of domestic sanitary engineering. 
Wo have briefly described the process of manufacture, the 
method of measurement, and in the series of eight papers upon 
the subject given the detail, as far as onr space would permit, 
of the different mechanical appliances required for its econo¬ 
mical use. In some following papers on warming, ventilation, 
etc., we may have occasion casually to aUnde to the subject 
again, but for the present we dismiss the subject of gas os a 
branch of domestic sanitary engineering. 

TECHNICAL DRAWING.—XLli. 

• CEAWIITG FOB STONEMASONS. 

FUEE-HANB DRAWINO FOR 8TOMXHASONS. 

Fj 0 . 885.—^This moulding is called a eavetto, the name of which 
is derived from the Latin word cairns, “ a hollow.” It is a con¬ 
cave moxilding, the curvature of whose section docs not cxcood 
tiio quarter of a circle. Its projection may bo equal to its 
height, and^ should never bo less than two-thirds of it. The 
eavetto, which is the reverse of the ovolo, is sometimes used in 
the bed and crowning mouldings of oomicos. 

He method of drawing the eavetto will not require any ex- 
plsaation. 

Kg. 886.“He seofia is a recessed moulding of an elliptioal 
section, when properly oonstruoted. It is, however, for general 
pojposes formed by the jnnotion of two oironlar ores of different 
radii. This moulding hM an effect just the opposite to that of 
the ovolo or torus, and is sometimes oomposed, like the latter, of 
a semicircle only. 

To draw the sootia, divide the height of the moulding into 
three equal parts. From any point, as u, on the lino drawn at 


two-thirds from the bottom, draw tiie quadrant ah; from a on 
the same line set off a e/ from e, with radius e b, describe the 
quadrant b d, which will complete the moulding. 

Kg. 387 is a section of the frequently-used moulding called 
the egma recta. The exact form of this moulding is, to aoertain 
extent, a matter of taste, since the curve may be drawn more or 
leas full, the variation being oansed by the radins with which the 
arcs ore struck. He curve most generally used is given here, 
and the following is the method of describing it:— 

Let a and b be the points to be united by the moulding. 
Draw tim line a b, and bisect it in e; from e and a, vrith radins 
a c, describe arcs cutting each other in d; from c and b de¬ 
scribe arcs cutting each other in e ; and from d and e, with the 
same radins, describe arcs meeting in e, which will give the 
form of the moulding. If it be required that the lower portion 
of tiie curve should be more full than the upper, divide the lino 
oonneoting the two extremities of the section into three eqnal 
parte, construct an equilateral triangle ou the upper third, and 
another on the two lower portions, then the apices (plural of 
apex, “ the upper point”) of the tangles will be the oontras 
from which the arcs are to be stmek. His and severfll other 
methods of describing various mouldings are described and illus¬ 
trated in 'Fol. I., page 199. 

Fig. 888 is the oyma reversa. ’ In thin moulding the curve 
bulges outward at its upper part, and it is hence the reverse of 
the oyma recta. As in the former figure, the exact form is regu¬ 
lated by the taste of the designer. In this and all the onrros 
oompo^ of oombined arcs, the greatest care is necessary, so that 
the one may glide smoothly into the other withont showing any 
break or tUokening in the joining, whioh materially injures the 
effect. His has already been referred to, and it will be at once 
soon how the taste, when onltivated by the study of ornamental 
drawing, will aid in the appreciation of these forms, whioh add so 
muoh to the beauty and gtaoefulness of the building. 

KKTHOD OF DESCSIBINO A BAKINO HOULDINa. 

Baking is a term applied to snoh members of a building oe 
slope or lie inolinod to the horizon. Baking mouldings frequently 
ooour in masonry, and the following example will explain the 
method of forming them to mitre in a proper manner:— 

Fig. 389.~This is the design of a cornice, having port of the 
moulding level and part inclined, as occurs in the pediment of a 
building. In this drawing o e is the moulding at the angle of the 
break or projeotion of the pediment. With this moulding given, 
wo have^to ^d the right section of the ogee in the pediment. 

Let a f and c s' bo the two parallel lines whioh terminate the 
breadth of the raking, or inolinod moulding ; and let a k and e I 
be the parallel linos terminating the breath of the moulding 
whioh is level. 

At a convenient place draw p t parallel to tiie edge ak of the 
horizontal portion of the moulding. Between a and c place any 
nnmbor of points, as b, c, d, and draw bg, ch, and d i porallal 
tea / and e e'. 

At a, 6, e, d, e draw porpendicnlars io el, cutting the lino p t 
in q, r, s. 

Now, at any convenient distance, draw a lino parallel to a/.^ 
and transfer to it the distances t, s, r, q, p —viz., f, s', r', 4, p'. 

From each of these points draw lines at right angles to a f 
and e e', cutting af, hg,ch,di, and e s' in A, B, c, D, E. Ho onrvo 
traced through A, B, C, D, and x will bo the right eection of the 
raking moulding. 

To find the section throngh the mitre of the two uudkied sides 
where they meet at the top of the pediment, draw t" p" porpqp- 
dicular to t" e', and equal to t p. Transfer the distanoes from 
those to the spaoe between V and p", and draw peipendioulors 
from e", r', q", p". 

From/, g, h,i draw lines at right angles toje', and through 
the points where these iutersoot the perpondioulon—viz., a', b', 
e', d', and s'—draw the curve whioh wUl be the oommon seotion of 
the mouldings at their junction at the apex of the pediment. 

He method of oons^oting simple scales having been given 
in lessons in ” Building Constraotiou,” it is not neoessary here 
to repeat the instructions; the subjects in this figure are drawn 
to the scale of half an imA to the foot. It is advisable to draw 
the scale on each sheet, m by measuring from this, instead of 
from the -rnle, the trouble of oaloulating how many inches so and 
so many of the fractions moke is avoided, and generally greater 
aoouraoy is obtained. 
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Aa » portion of tho proxent Btady oonsigta of btioleiro^ tin 
followum brief extract fcum loaaonain “ Building Oonatraotijon'’* 
ie given, in order to romind tho xtudont of drawing for nnaein 
of Momo particulars which, thinking they did not specially oon- 
com him, ho may have merely glanood over whilst reading the 
loxHons treating of tho Hubjoot generally :— 

“ Bricks may bo oonsidor:!d us artificial stones, and seem to 
have been used from tlio very earliest period in the history of 
man. Their average size in this oountry is a trifle loss than 
9 inches long, 4^ inches wide, and 2^ inches tliiulc. Thoir uni¬ 
formity in size enables builders to describe tho thiokness of walls 
by tho number of bricks extending across them; thus a slight 
brick partition wall, being formed of bricks lying on their broad 
side, with thoir length in the direction of that of tho wall, is 
called a * half-biiok thick,’ its depth from one side to the other 
being 4} inches. A wall in which tho length of a brick extends 
throngh tho thiokness is called a ‘ nno-biiok thick.’ A wall 
14 inches through is called a ‘ brick-aud-a-lialf thick,’ though, to 
speak more acrnnitoly, it would be 18ji iechos -that is, 9 for the 
whole brick, and 4} fur the half. An IS-iuch wall is said to bo 
a ‘two-briok thick,’ and so on.” 

f'ig. 390 is the elevation of tho lower part of a window, show¬ 
ing tho window-sill. 

It will bo soon that the wall is built in old English bond, 
and that tlio stone sill is oqnal in hoighc to two ooiirsos of brick¬ 
work. Tho oiKtning of tho window is four foot wide; tho brick¬ 
work oovoring the ends of tho sill to the width of two inches on 
otich side. It will also ho observed that in order to avoid tho 
joint in the courses of bricks at tho sides coming immediately 
over each other (which would occur if two bricks placed as 
headers wore placed upon one strutchor), cut bricks, called 
“oloBoni,” are used. I’his has boon explained in lessons in 
“ Building ConstrncliDn.” 

Fig. 391 is tho soction in x n, .and shows tho manner in wUch 
tho sill is sloped off, or “ noithorod,” and throated undorneath. 
Both of those terms will bo explained in connection with tho 
next figure. 

Fig. 392 is a soction of a roping. This term is used for the 
series of stones used as tho capping or covering of a parapet or 
wall. The namo is generally appllcri to a t>Iain, slightly project¬ 
ing course, and cornirc to a larger moulded coping. 

Copings are worked with a plain horizontal bed, two vertical 
focos, and on inclined or “wcalhorod” upper surface, either 
forming an obtuse angle with tho inner and narrower face, and an 
acute angle with tho outer wider face, or slanting off from the 
middio towards each side, which latter is technically torrand a 
'* saddlo-back coping.” In both cases they aro mode to projwit 
Wor tho wall or parapet on both sides, and in tho projected jMvrt 
of tho bod, under tho edge or edges towards whieli tho innlination 
is given, a channel or groove, called u ‘‘ threat,” is cut, to inter¬ 
cept tho water in its inclination to run inwards towards tho wall. 
To protect the separate stones of a coping ouurse from tho danger 
of being displaced by high winds or other accidental cansos, and 
to form a chain through its whole length, tho stones ore linked 
together by cramps of copper or iron lot into them and run with 
lead. Those motals, however (says Mr. Hoskings), especially 
tko iroui, for tho most part act very injuriously, from their cxcood- 
iug susceptibility of atmospheric ohanges, and their greater or 
loss tendency to oxidation; indeed, the stone invariably suffers 
more than the work benefits from tho metal cramps. Tenons, 
dowels, joggles, or dovetails of stono, or of hard wood, or cost 
iron, appli^ so ns to bo protected from tho weather, wonld 
be far hotter, nnd wonld answer every desired purpose suf¬ 
ficiently. 

_A stritip course, shown in plan in Fig. 393, and in section in 
Fig. 894, is meant to protect a set-off in a wall, by projooting 
over its lohrer face in the manner of a coping. 

The bods are worked parallel, and the outer face vertical, or at 
right angles to thorn, but so ranch of the outer surfaco as pro¬ 
trudes from tho wall is ” weathered,” or sloped off to carry tho 
water away; and, for the reason already stated with regard to 
copings, tho lower bed just within the outer face is throated. A 
string wmrse cramped or dovetailed in tho bod forms an excel¬ 
lent ohain around a briek wall, but the part of it in tt^o wall 
shonld bo of tho exact thioknesa of one, two, or more oonrses of 
the brickwork. The method of drawing these examples is so 
very simple, that it is not thought necessary to give any insttuo- 
tions on that head. * 


SEATS OF INDUSTRY.—XVII. 

COVBNTBT. 

BY WILLIAM WATT WEBSTER. 

A FEW of tho leading facts relating to the hutory of silk 
oolturo and silk manufacture may not inappropriatoi^ preface 
an account of tho city of Coventry, so long a oentro of tho sUk 
I mannfaoturos of England.' In tho Old Testament there aro 
three references to silk as an article of clothing: one in 
I Proverbs, which is believed to have boon written 1,009 years 
B.c. ; and two in Ezekiel, which dates from about the beginning 
I of tho sixth century before Christ. But silk mannfautnro can 
be traced back to a far more remote antiquity than the 
Proverbs of tho mcrohant king of Israel. According to tho 
traditions of tho Chineso, the rearing of the silkworm and tho 
weaving of silk into rubes formed part of the oooupation of 
the ladies of tho royal housohold of China 2,700 years beforo 
the Christian era, and tho diaoovory and ntilisation of tho fibre 
is asoribod to tho consort of oiio of the celestial emperors. 
Tho silkworm, indoed, wonld appear to be indigonous to China; 
or, to speak mure strictly, to Serina or Sorinoa, that part of 
India lying beyond tho Ganges. ‘‘ Sores is the namo given by 
tho Gruoks and Komons to tho inhabitants of thoau remoto 
rogioiw,” says I)r. Lardncr, and “ it is now so generally ad¬ 
mitted that tho Seres of the ancients are tho CUnu.so of the 
modorns, that it is unnecessary to ontor into any disenssion in 
proof of this belief, fic is tho name for silk in the Chinoso 
language; tills, by a faulty pruiiuneiation, not unuommou in 
thoir frontier provinoes, acquired tho final r, thus changing tho 
word into sei', tho very name adopted by tho Greeks. We oan, 
thoroforo, hardly doubt,” he adds, “ that those obtained the 
name, as well as tho material itself, first from China.” Tho 
Latin name for silk was acricum, of which sdicum is supposed 
to bo a corruption. For a remarkably long period the Chinoso 
Boom to have retained a complete monopoly of the cultivation of 
silk, and oven of its manufaciuro. In tho time of Aristotle tho 
inhabitants of tho island of Kos woro in the habit of unweaving 
tho heavy silk fabrics of China, purchased from Persian and 
Phoenician merchants, and of re-spinning and re-woaving them 
into lighter cloths. This process is said to have been invented 
by Pamphila, and to have boon tho origin of silk gauze. Alex¬ 
ander tho Groat brought woven silks to Groeeo from Persia, 
and in tho works of Aristotle, his tutor and friend, is to bo 
found an accurato doseription of tho silkworm. But it was not 
till about tho year 51>0 A.D., in the reign of Justinian I., that 
tho cultivation of silk was introduced into Europe by two 
Persian monks who had visitod India as missionaries. “There,” 
says Bubertson, tho author of “ Disquisitions on the Commerce 
of India,” “ amidst thoir pious oocupations, those monks viewed 
with a enrions cyo tho common dress of tho Chinese, the manu¬ 
facture of silk, and tho myriads of silkworms, whose education, 
either on trees or in houses, had onoe been considered the 
labour of queens. They soon discovered that it was imprao- 
ticable to transplant the short-lived insoot, but that in the eggs 
a nnmerons progeny might bn preserved and multiplied in a' 
distant climate.” Conying off a quantity of the eggs of the 
bombjTt concealed in a hollow cane, they returned to Persia, 
and from thence sent a communication to the Emperor Justinian, 
to the effect “ that the Bomans need not any longer bo obliged 
to purchase raw silk of tho Persians, nor of any others; for 
having Uvod long in a country called Serinda, they now assured 
him that, although tho origin of raw silk was till now a sooret 
from tho West, it proceeded from certain worms taught by 
Nature to spin it out of thoir own bowels ; and that though if 
was impractioable to bring those worms so far alive, yet it 
wonld bo easy to procure their bags, which would prodnoq tho 
worms.” Justinian took tho manufacture into his own hands, 
and appointed the monks to superintend the rearing of tho 
worms. Shortly after this period silk culture was established 
in Greece, and espooially in Peloponnesus, and a great trade 
was carried on in silk goods by the merohants of Venioe, who 
formed the channel through whioh the silk produoe of Greece 
was transferred to tho west of Europe. In 790 Charlemagne 
sent two silken vests th Offa, King of Mmeia, as a present. 
Tip to the middle of the twelfth oentury the far East, Constan- 
timiple, and Greece were the sole sources frrnn whioh silk was 
supplied. It was in 1146 that Boger 11., Eing of Sicily, having 
oonquerod Greece, brought to Palermo a band of prisonero who 
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l)»d'in OBontfy baati owfiloyed in tawing aaid weating [ levying oppraBnve dnties on thrown or otganziine silk. And 

and)-by IdHir iubjuis laid tbe foundation of this indnntry j yet it can hardly be dtmbted that the silk matmfaotaros of 
i n fnoBft wiieneo it snbsQ^inently spread to franco and fnfdand hwe been largely indebted to the onterprieo and 

S|win- sharp praoUee of the Lombes. 

At the marriage of Margaret, daughter of Honry III. of It is impossible to fir the precise date when spinning and 
Engird, with Alexander III, of Scotland, in 1251, 1,000 weaving wore «rst introdnoed into Coventry, bat the local 
English knights clad in silken raimont were present; but their annals of ths city prove that it was celebrated for the maun* 
robes must have been spun and woven, if not made, abroad, as faoturo of cloth caps and bonnets, and a kind of thread known 
several centuries had to elapse before any silk monafacture was as “ Coventry true blue,” early in the sixteenth century, from 
established in Britain. About the beginning of the fifteenth 1581 till 1694, when the Turkey trade was destroyed, the 
oeutiuy a company of silk-women was established in London, monufaetare of woollen broadidoths of vorions do.suriptions wta 
and in 1455 an Aot of Parliament was passed which, “ Upon the staplu trade of the town. It is not improbable the 
the heavy complaint of the women of the mystery and trade of ribbon trade was carried on in Coventry at the latter date, or, 
silk and ihreod workers in London, that divers Lombards and at least, shortly after, as in 1705 wo find that Willmm Bird, 
-"♦W foreigners enriched themselves by ruining the said mys- silkman, was mayor of the city. It is supposed that several of 
directed “ that no wrought silk shuuld bo brought into the silk weavers who arrived in England in 1686 settled down 
loud by way of merchandise for five years to come.’ ’ in Coventry, and laid the foundation of its ribbon manofactores. 
LDg the reign of Mary, every one below the dignity of a At first this industry was carried on UTsm a small scale, and it 
i^ate was prohibited, under the penalty of three months’ was only by degrees that Coventry rose to he the eWef em> 
risonment and a fine of ten pounds, from wearing silk porium for ribbons in England, 
m or upon his or her hat, bonnet, or girdle, scabbard, hose, The silk-trade of Coventry has passed through many vioissi- 
shoes, or spur-leather.” Kun^erous sumptuary and pnitective i tudes, it having been affected, not only by the ordinary calami- 
lawB were subsequently passed which niatorially afTected the j ties that depress other trades, but also by ehanges in the 
progress of the silk trade and luauufaotnrus in England, it was fashions, and other cansos peculiar to itself. About a century 
in th» reign of James I. that the wciiving of broad silks was ago, the manufacture of watches was introduced into Coventry, 
first commenced in this country, and by 1629 this branch of j and so greatly has this industry prospered, espeeiully daring 
industry had increased to sneh proportions that the silk 1 the past half-oontiiry, Uiat a greater number of watches are 
throwsters of London were incorporated. But the silk manu- now annually made in this city than in London, while the 
factnres of England never attained any great importance until quality of the article produced is not surpassed by the watch 
after the revocation of the Edict of Eante.s. In the year 1685 manufacturers of London. 

a largo number of Prenoh Protestant refugees, including many Coventry is situated on the Sherborne, an afiluent of the 
.skilled silk-weavers, settled in Spitalfiolds, London. These Avon, 85 miles N.W. of Ijondon, and 18 J miles S.S.E. of 
foreign artisans introduced the. manufacture of alamodes, Birmingham. The name would seem ti> denote tlmt the oiiy 
lustrings, brocades, satins, velvcl-s, and other fabrics that took its origin from a convent, but of this no authentic proof 
previously hod to bo imported. ITie next iiii)>ortant stop in I can be given. It is beliovcsl, however, that Loofrio, Earl of 
the history of the English silk manufactures was the erection of Mercia, and his wife, the celebrated Lady Oodiva, founded a 
a great silk-throwing machine on the Derwent, in 1719, by Hir | Benedictine monastery there about the year 1044. 1'ho story 
Thomas Lombe, of Derby, and his hrotlicr .Tolin, constructed ! of Lady Godiva, which is first mentioned by Matthew of West- 
from drawings which the latter had surreptitiously obtained at | minster, in 1307, or some two hmidred and fifty years after the 


Leghorn, then the principal centre of the Italian silk trade. 
In 1715 John Lombe went to Leghorn to observe the silk 
moohinory in use there, and, if possible, to bring the secret 
home witJi him to England. Finding that ho o.ould not obtain 
any useful knowledge by watching the machinery during the 
Imiried visits strangers were allowed to make to the mills, 
Lombe, who was a very young man. disguised himsolf as a 
youth out of employment, and with the assistance of the priest 
who acted as oonfes-sor to the proi>rictor of the works, ai.d 
whom Lombe is bolinvc'd to have bribed heavily, ho got an 
engagement to attend a spinning-engine called a “ filaloc.” 
Conoealing his dark-lantern, tinder-box, and mathonmtieal 
instruments iu a hole below the stair where ho slept, Lombe 
night after night mode drawings of the different parts of the 
moohinery, which his priestly accomplice handed over to the 
Italian agents of the Messrs. Lombe, fur transmission to Eng¬ 
land in bales of silk. When 4ho whole of the moohinory was 
earefnlly drawn, Lombe got on board a ship, and"although his 
flight aroused instant suspicion, and on Italian brig was des¬ 
patched to intercept him, he arrived safely in England. “ There 
is a tragical story told of his death,” soys Lombe’s biographer, 
“ which is likely enough to bo true. It is said that the Italians, 
when they heard of the whole affair, sent over a female to 
England to poison him. Lombe had brought over with him two | 
IWlafis, who were aconstomed to the manufacture ho had risked j 
so much for. The woman succeeded, through the mears of one , 
them, iu administering a deadly poison.” _ j 

Six'ffiomaa Lombe reoeivad a patent for his silk machine,! 
and although, on the expiration of the patent, Pailiammit 
refused to renew it, ho olitained a sum of .£ 14,000 “ an a con¬ 
sideration for the orainont sorvioes ho h.ad done in disco vering, 
in intzodnoing, and bringing to full perfection, at his own 
espense, a work so useful and bonefloial to the kingdom.” But 
however profitable this undertaking may have proved <o Sir 
ThouuM Lombe, the best anthoriticf are agriKid thal: the 
establishment of throwing machines was indirectly one of the 
meet formidablQ obstacles to the development of the silk manu- 
faetnres of this country, os the existonoe of throwing-mille was 
Bneemsf tilly urged for uearly a oontury ae a sufiSciont reason for 


time when that lady lived, may be purely legendary, but it has 
contributed to spread the fame of Coventry abroad thnnigh 
the world, ut least as much as its ribbons and watches. Sculp¬ 
tors, painters, and ]>oets have so frequently illustrated this 
fictitious or real incident in the history of Coventry, that it is 
unnecessary to rGpoa.t the dotiiils of the story here. Every 
third yoar the memory of Godiva’s devotion to the people is 
still celebrated at Coventry by a procession, and up till the 
passing of the Municipal Keform Act the ceremonial was graced 
with the presence of the mayor and corporation in their official 
robes. It was not a feat snitable for realistic representa¬ 
tion, and wo are not sorry to hear that tho procession is losing 
favour with the inhabitants. In this connection it may be 
mentioned that Coventry was celebrated in the fifteenth eon- 
tiiry for the religions mysteries or plays jHirformed there by 
tho Grey Friar-s in the preseneo of Iho kings, who then resided 
in tho city, and also for tlin gorgeous jwgcnnts and prooesaiona 
that its inhabitants indulged in. Several parliaments wore 
convened at Coventry by tho ancient kings of England; onwhold 
in 1104 being known as the po/rliamenlum indoctum, from the 
fact that lawyers wore prohibited from takiiqr part in its pro- 
eseedings; and another which sat in 1459 wius oalioAparliameninm 
diaholidtntj on account of tho number of acts of attainder passed 
by it. The city was incorporated by Edward 111., and the first 
mayor was chosen in the year 1345. Coventry has sent two 
members to the House of Commons since 1453. In Roman 
Catholic times it poaaessod a largo and h ands ome cathedral, 
which was destroyed in tho timo of Benry Vlll. During tho 
civil war of the sevonteenth century Coventry was oofispicuons 
for tho support it gave to tho Republican cause. 

Tho more modern quarters of tho town of Coventry are well 
built and regular, but it still preserves sovcral narrow and 
crooked streets, with honscs in the style of tho fifteenth and 
sixteenth centuries, coint> 080 d of heavy wooden beams filled in 
between with briclea and plaster, and in some cases' having 
peaked jipper ttrr lys, projecting- far over the nndcr-floor, and 
darkening the thoroughfare. Groat improvements have been 
effected in tho city within tho past few years. Among the most 
remarkable of the puUio buildpgs ate St. Miohael’s Ohuzoh, a 
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raoiterpiece in the lighter Gothic style, with immorous trindows 
filled with ancient stained glass, and having a fine spire 363 feet 
high; IMnity Church, with a spire 237 feet high; and Christ’s 
Cbiroh, a modem building, att^hed to the elegant spire of the 
Grey Friars Monastery. 'IhcBe are the “ three tall spires ” of 
Oovmtry. Sti Mary’s Hall, erected in 1450, also desorres 
zmtioe, as it is one of the finest speoimenB of the ornamental 
wmk of the Mtoenth century in England. ’Ihe roof of this hall 
is finely and grotesquely carved, the wnUs are hung with 
ancient tapestry, and it is lighted by a great painted window. 
The charitable institutions of Coventry are numerous and well 
endowed. Of these we may note Sir Thomas White’s charity, 
founded in the reign of Henry VIU., which posBessos an annual 
revenue of between £2,000 and £3,000; the Babloke Men’s 
Hospital, with estimated income of £1,500; and the Bablake 
Boys’ Hospital, with an income of about £940. It has also a 
Free Grammar School and eeveral charity schools. In ancient 
times Coventry was surrounded by walls three miles in cironm- 
feronoe, and three of the gates and a portion of. the walls still 
remain standing. Around the oity there are 2,300 acres of 
common land, on which each of the freemen has a right to 
pastoro three cows. 


MINING AND QUARRYING.—XI. 

BT OBOBOS aUDBTOME, F.C.S. 

moN. 

SIBHEBB’ BBaBBBBATITX 0A8-]^BNACE—BESSEMER. PBOCEB8 

<w rVDDJJota —na-BOiLiMo —the voKaE —machines pok 
S qUBXZlNa and hammebino the puduued ball. 

It was seen in the last article that puddling, as ordinarily con- 
dnoted, is both an expensive and laborions process. We have 
now to epeak of some yery different arrangements which arc 
coming into more genet^ nse, by which some of the objections 
to the old process are more or less obviated. 

First, we mnst consider the adaptation of Messrs. Siemens' 
regenerative gas-fnmaae to this operation, by which some sub* 
stantial advantages are gained. The first of those consists in 
economy of heat. In the ordinary pnddIing>fnmaoe there is a 
great waste of this, as is sufficiently evidenced by the flames 
issuing from the chimneys, which at night may be seen illumi¬ 
nating all the country round; but in Messrs. Siemens’, the heated 
gases pass from the hearth to the regenerators, so as to do double 
duty, the heat being so completely utilised that the flue always 
remains oool. 

The arrangement adopted is shown in Figs. 11 and 12. The 
gas-producer and the regenerator ore sitaated below, A and b 
being the channels for the pasE.iage of the heated gas to and 
from the hearth o, which is provided with water-bridges, D D, the 
ovsrflow from which passes into the tank E. A current of air 
passes throngh the apertures t f (Fig. 11), over the water in the 
tanks; and this, oonpled vdth the evaporation of the water, keeps 
the iron plate forming the bottom of the hearth cool, o, o arc 
ovons for heati n g the iron for the next charge, preparatory to 
its being 'put to the hearth, by which a considerable saving of 
time and heat is offeotod, loss than one hour being sufficient for 
the whole operation. Secondly, the reduction in time probably 
acaonnts party for the fact that there is no loss of metal in 
puddling by this process; while the facility with which the gas- 
flamo can be made cither reducing or oxidising at pleasure, 
roduoes^ the chance of loss to a minimnm. One of these fur¬ 
naces, in eighty heats, has actoally returned more puddled 
metal than the pig-iron supplied, the actual figures being 
38,808 poimds, against 38,668 pounds. Now, as the weight of 
the mpnnties removed will bo something oonsidorablo, even 
allowing for no loss of iron at all, it is evident that something 
moK timn this most be snpplied by way of compensation from 
the oxide %sed in fettling. By the ordinary process no acconnt 
is taken of any such gain, ns the net result always shows a 
considerable loss. 

A third advant^e which has boon incidentally allnded to is 
the reduction of time, or, to put it in another form, a reduction 
of labour—eighteen heats have bean turned out from three 
tnmaoerin twenty-four hours, against twelve, which is the full 
work of the ordin^ fnmaoe. Lastly, the quality eff the produce 
is superior, as there is no risk eff any imparities being carried 
by the draught from the fuel to the hesrtL 


An altogether different prooeis mnst now claim our attention. 
It is commonly knowx by the name of the inventor, Mr. 
Bessemer. The principle which lies at the foundation of it is 
that of raising the iron to a very violent state of ebullition, by 
forcing air throngh the molten metal, and thus bringing every 
particle of it in oontaot with the oxygen. It was attended at 
first with nnmerons practical diffionltieB, but these have been 
overcome in time, and the prooese is now very largely need. In 
the oonrse of a few minutes the puddled iron is obtained from 
the crude pig, without the intervention of the puddler, fhe whole 
being done by maohineiy, which only requires the attention ot 
one man. 

The important parts of the apparatus required are the con¬ 
vertor, a hydraulic machine for moving it, and a blowing engine. 
The form of the convertor will be best understood by a reference 
to Figs. 13 and 14, which represent a vertical section and an 
elevation, showing the trunnione upon which it swings, and the 
arrangement for introdneing the blast. The converter is an 
ellipsoid vessel of iron of about 13 feet in height, oonsisting of 
two separate portions firmly bolted togeilier. The lining, c, bas 
to be renewed from time to time, generally after seventy-five or 
eighty charges, and for this purpose the bolts have to be un¬ 
screwed. The lining consists of fi^olay and pounded sandstone, 
well mixed, and tightly pressed down npon the iron frame; it 
mnst bo carefully dried, and any cracks that may appear made 
good before using, b, b are twyers (generally seven in number), 
which are made of fire-brick, pierced with small holes; these 
have to be renewed abont every third time. The blast is brought 
to them throngh the pipe A A, passing throngh one of the 
trunnions, whioh is made hollow for the purpose; by this 
arrangement the blast can be continued whatever may bo the 
position of the convertor, the essential importance of whioh will 
be seen presently. The hydraulic engine for moving the con¬ 
vertor is connected with the opposite trunnion at d, so that 
the man can work it from a distance. 

The charge of pig-iron (about 3 toss) is introduced into 
the converter in a molten etate; it might bo ran direct from 
the blast-furnace, bnt practically it is more oonvonient to re¬ 
melt the iron for the purpose. In retssiving the diarge the 
converter is thrown into a horizontal position, with the mouth 
R turned upwards, and while the vessel remains thus the iron 
will rest upon its side without touching the twyers. Hie bket 
is then turned on, and the converter raised again to tiie vertical 
position, when the iron will cover the twyers to about the depth 
shown in the drawing; bnt had the blast not been supplied first, 
the iron would have got into the twyer-holes and choked them 
up. The iron imme^tely begins to boil violently, filling the 
whole converter, and throwing out from the month a shower of 
burning Boorim and iron. In about a quarter of an hour or 
twenty minutes the whole of the carbon bas been burnt, and 
the silioon and earthy matters separated ; the iron now, almost 
as limpid as water with tiie intearity of the heat evolved, being 
ready to be poured out into the moulds. For this purpose tbo 
converter has again to be tilted over, the blast being kept on 
in full action until the twyers are above the entface of the 
metal. . 

The loss in weight during the process (including the prepara¬ 
tory melting) amounts to abont 221 psr cent., so that in this 
respect it is not economical; a go^ deal of iron is, however, 
thrown out of the converter in the shape of sparke, whioh is of 
conree racororod. The separation of the silioon seems to bo 
almost perfect, and the carbon also is mnoh more tlToronghly 
removed than ie practicable by the ordinary process ; nnfortn- 
nately, however, the snlphnr and phosphoms are not affected to 
any appreciable extent, eo that the Bessemer iron retaiidi thp 
most deloterions of all the impurities. This one cironmetanoe 
has rendered the process inappUoable to the oommon pig-irons, 
and has praotically limited it to those made from the heaifiktites 
and other very fine ores. It is therefore principally valuable in 
the manufacture of eteel, and will have to be referred to again 
when treating of that article. 

Some iron-mastere substitute “pig-boiling” for the refining 
and ordinary paddling; one operation thns suffices instead of 
two, bnt economically there does not seem to be mnoh differenoe 
in the resnlt. The furm^ is made upon the iypo of that for 
paddling, except that the hearth is deeper; some cinder is 
added to the charge of pig-iron, and a higW temperature is 
employed. There is a more violent action in the giving off of 
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tho oiirbonia acid, which has gives rieo to the same adopted, ! gteat varioty of forms, bat maialy referable to two distinct 
bnt otherwise the process is very similar. | types. The simpler will be readily understood by a reference to 

In some works tite waste heat from the puddling-famaoe is | !<%. 15. The puddlo-ball, while yet quite hot, is placed upon 
ntilised in the raising of steam, and in others the waste gases of , the iron plate b, and at every revolution of the fly-wheel, which 
the bloat-fumaoe have been used os a substitate -for fuel in is driven by steam, the massive upper jaw A comes down with 
puddling. Such arrangements as these for effeoting eeonomies great weight upon the boll, forcing the particles of iron into 
in the supp^ of heatug power deserve to be more carefully close contact, and at the same time expelling any cinder that 
considered when p l a n ning the erection of werks. may be mixed up with it. The jaws arc very commonly grooved 

tfe must now consider the treatment to which the puddled or toothed, rendering them eminently suggestive of those of a 
ViB.ll is subjected, in order to convert it into bar or sheet iron, crocodile, so that this form of squeezer very generally bears that 



The part of the establishment to which wo now pass is called 
tho forge. Hie boll, as may readily be imagined from tho | 
description of its preparation given in the last article, though j 
cqnsisting of malleable iron, is fsr from being a solid mass, and 
oontsine more or less cd the cinder mixed with it. TWs has 
Uterally to be beaten and crushed out. 

The forge contains a variety of hammers, squeezers, and 
tollers, of groat weight and power. Opinion is divided as ti tho 
respective merits of hammering and B|neezing, and both plans 
continae in snob general nso that they cannot be passed ever: 
in either «om the process is termed “ shingling,” and the work¬ 
men “ shinglers.” 

We will oonsidet ‘fint the squeezers, of which there are a 


name. All that tho shinglor has to do is to move the ball in 
the intervals of prossuro, so that all parts of it may bo tho- 
ronghly acted upon. The machine can be driven at great speed, 
so as to give the jaw from eighty to ninety actions per minute. 
As much as 100 tons of iron will pass under one of these 
squeezers ^r week. By a slight modification of the arrange¬ 
ment, a double-acting maebino can be mode ; the beam c being 
armed with another jaw on the opposite side of the pivot d, bo 
that two balls may be squeezed at the same time. 

The.other form of squeezer is made upon the principle of 
compelling the ball to pass between rollers, wbi<^ approach 
each other morff closely as they oomploto their eirOTit. The 
horizontal rotary squeezer con^sts, for instance, of an iron drum, 

































































298 


THE TECHNICAL BDITCATOB. 


opan on ons rido, with an iron cylinder within, which tarns npon 
m centra slightly differing from that of tho drum itself. Ha 
epaoe between tho cylinder and Uie dram will therefore be leas 
in one part of the circnit than the other. Tho paddled ball c is 
inserted at a (Pig. 16), and the revolution of the oyUnder, which 
is armod with small teeth, oorries it forward in tho direction of 
the arrow tbroogh the narrower portion, and ejects it at B in a 
highly compressed state. 

Other shingling muohines are so oonstrooted that the mass of 
iron falls down between throe or more revolving cylinders, so 
arranged and of such form that the spaoo through which the 
boU posses in its desoent is constantly narrowing; tho action 
upon the metal is similar to that of the rotary engine, the 
difference consisting in tho mechanical arrangement. 

The uBO of hammers is of older date than the first adoption of 
aqneezers; but we have deviated from the chronological order 
bocause of soma modem inventions, which enable pieces of iron 
of a size never before attempted to be forged by means of tho 
hammer. 

Tho older forms are called tilt'hammers and holves. The 
former consists of a long beam working on a pivot, to the longer 
arm of which is attached a bead, below which lies the anvil. 
Tho hammer is driven by a wheel famished with cams, which, as 
they revolve, press down the shorter arm and raise the hammer¬ 
head. Hese arc generally of comparatively light aonstrnction, 
and are worked at a considerable speed. 

The helve is a much more ponderous instminont; the beam is 
mode of cast-iron, to which is fitted a wrought-iron hammor- 
facse, the two togettior weighing ordinarily from 3 to 5 tons, 
but np to 10 tons in some instances. The beam works upon 
a pivot at tho extrome end, and is lifted by a wheel, the 
cams of which lay hold of a projecting portion immediately 
adjoining the hammer-head. These have, a less length of 
stroke, and work more slowly, rarely exceeding one blow 
every second, but their great weight renders them very effoctive 
instruments. The hammers are indeed considered to turn oat 
a better ortiole than the squeezers, but they are worked at 
greater expense, the wear and tear of the hood and tho anvil 
being very great. Those, indeed, seldom last more than a week. 

The most powerful instrament of all, however, is tho steam- 
hammer, with which Nasmyth’s name is naturally associated, 
though other inventors have patented modifications of the samo 
pricoiplo. The hammer-head is attached to tho end of tho 
piston-rod, and in raised and lowered by tho direct action of the 
steam in the oyliudcr. So well-known a maohinu docs not 
require detailed description hero, beyond pointing out its special 
advantages in oonnootion with the forging of iron. Whoa a ball 
of metal is put under one of the other hammers, it is subjected 
not merely to a heavy, but at tho same time sharp blow, and no 
moons exist of regulating the force of it except at a loss of 
power j whereas in the steam-hammer tho force can be applied 
as gradually as tho workman pleasos. An imporfectly paddled 
ball will thus fly to pieces under the blow of a helve, whioh will 
not suffer under the more gentle, though not less efficient, 
action of the steam-hammer. They are now almost universally 
adopted in the very largest forgings. 

NOTABLE INVENTIONS AND INVENTORS. 

XlX.-01.ASS-MAKIsa. 

BY JOHK TIMBS. 

In the whole range of human invention it would be difficult to 
point to a more ingonious or interesting result than tho mann- 
faotnro of glass. Although perfectly tiansparont itself, not ono 
of tho materials of whioh glass is made partakes of that quality; 
a eombination which may, at the period of its invention, have 
been as aetounding as the identity of carbon and tho diamond, 
established by the oltemical philosopher of our time. 

Glass was long oousiderod to be a strictly ohomical combina¬ 
tion of its ingredients; such, however, is not the case, tho 
alkali in common glaea Iming in a very imperfect state of com¬ 
bination, and the free alkali being obtainable from it. Ibraday 
consider^ glass rather as a solnticn of different substances, one 
in another, than as a strong ehemicid componnd; and that it 
owes its power of nesisting chemical agents generally fo its 
perfectly compact state, and the' dxistenoe of an insoluble and 
nnohangeable film of silioa,‘of hig^y sihoated maWr, npon its 
surface. ('* Bdkerian Lecture," VISO.) 


The origin of glass is uncertain. It is reputed to hswe been 
discovered by accident. This inference is strengthened by the 
fact that it is scarcely possible to excite a fire of snffloieitt heat 
for metallurgiaal operation without vitiifyii^ parts of tho 
bricks or stones of the fomaoe. Of snob imperfeot vitrifioation 
tho " glass ’’ occasionally dug np on the sitm of bnildiagu de¬ 
stroy^ by great confiagmtions is a specimen. (Apriey Fellatt, 
on “ Qlass-making.’’! Josephue claims the discovery for the 
IsraeUtes. Herodotus and Theophrastus confirm the fact of 
tho nse of gloss having been known in tho earliest periods of 
civilisation, and of the establishment of glass-works in Egypt 
and Phoenicia, and even in India, where rook-crystal was em¬ 
ployed in its composition. Glass is mentioned in the Book of 
Job : “ Hast thou with him spread out the sky, which is strong, 
and 08 a molten looking-glass but this expression may have 
been intended, in tho original Hebrew, to refor to the metoUiu 
Bjreonlnm. 

To tho Phoenicians was long ascribed tbo discovery. It is stated 
by Pliny that “ some mariners who had a oorgo of natrum ”— 
(^t, or, as some have supposod, soda)- on 1>oard, .having 
landed on the l)aiiks of the rivor Bolus, a small stream the base 
of Mount Carmel, in Palestine, and finding no stones to rest their 
pots on, they placed under them some masses of natrum, wldoh, 
being fused by tho heat, with ilie sand of ilio river, produced a 
liquid and tronsiuirent stream : such was the origin of glass." 
However this may have been, tho sand whioh lay for half a mUo 
round the river was peculiarly well adapted for tho making of 
glass. T'ho Sidonians, in whoso vicinity tho discovery was 
made, took it up, and in process of timo carried tho art to a 
high degruo of oxeellenco ; they are even said to have invented 
glass mirrors. It is at the same time a curious fact in iiio history 
of discovoiy, that the manufacture of glass was, not many years 
since, unknown at Sidon, whore it is reputed to have been first 
manufactured. Anciently, however, Sidun wa.s famous for its 
glass. Tho above account by Pliny is, in substonoo, corrobo¬ 
rated by Strabo and Josephus. Upon tho above discovery 
Cuvier eloquently says:—“ It could not be expected that those 
Phoenician sailors who saw the sand of the shores transformed 
by fire into a transparent glass should iiavo at onco foreseen 
tliat this new substanoo would prolong tbo pleasures of sight to 
the old; that it would ono day assist the astronomer in pene¬ 
trating the depths of the heavens, and in numbering the atara of 
the Milky Way; that it would lay open to the naturalist a 
miniaturo world, as populous and rioh in wonders as that whioh 
alone soomed to have been granted to his senses and his oon- 
tomplation; in fine, that the simple and most direct use of it 
would enable the inhabitants of the coast of the Bultio Sea to 
build palaoes moro magnificent than those of Tyre and Memphis, 
and to cultivate, almost nnder the polar circle, tbo moat deli¬ 
cious fruit of tho torrid ono." 

Upon no branch of invention have tho researches into Egyp¬ 
tian antiquities thrown a stronger light than upon glaas-makiug. 
Thus the discovei^ of a glass head, with tho name of a 
Pharaoh of the eighteenth dynasty, proves glass-blowing to 
have been known upwards of 3,200 years ago. Sir Gardner. 
Wilkinson found nt ^ni-Hossan two paintings of glass-blowers 
at work, and from the hieroglyphics accompanying them, they 
are shown to have been exeeu'tod before the exodns of tho chil¬ 
dren of Israel, 3,500 years ago. In the same age the proper 
proportaons of the ingredients for making glass were l^wn. 
Lastly, the glass bead already mentioned is of the samS specific 
gravity as our crown-glass. This relic Captain Kerrey found at 
Thebes, and it bears the name of a monarch 1,400 years before 
Christ. Such was the skill of tho ancient Egyptians in gllass* 
making that they successfully imitated the amethyst and other 
precious stones. Winokelmann, a high authority, is of opinion 
that gloss was employed more frequently in ancient thtCu in 
modem times. It was used by the Egyptians for coffins; they 
also employed it not only for drinking^vessels, bnt for mosaic 
work, the figures of deities and sacred emblems on which were 
of excellent workmanship and superior ^brillianoy of odour. 
Wilkinson states that the Egyptians were always celebrated for 
their skill in glass manufacture : “ Natron, or snbcacbonate of 
soda, a native tHroduotionfin different parts of the country, was 
the -very substance most likely to lead to its invention,'cor rather, 
to its accidental discovery; and it is fhr more reasenahle to anp- 
pose that glass would have been made where natron abeondw 
than from a fire aocidentally lighted on the sea-ahore by some 
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PhoanioianB who happened to he canning a cargo of natron.” 
(“ The Egypttan.e in the Time of the Phamofae,” p. 88.) 

It wonld be reaeonable to euppoeo that the Hebrewe brooght 
glase and a knowledge of its manofaotare ont of Egypt, wore 
nut the evidence oi history so explicit that it was actually dis¬ 
covered and wronght at their own doors, 

Arohimodes is stated to have oonstracted an orb of glass for 
scientific purposes. Layard found, among the mins of Nineveh, 
a miorosoope glass, a perfect goblet, which, from the uhuracturs 
on it and the locality in which it was found, is believed to be 
of the date seven centuries before the Cliristian era, and is pro¬ 
bably the most ancient piece of manufactured glass in existence. 

Beads which ornament mummies are not composed of glass, 
bat of earthenware glazed. ITiere oan, however, be but little 
doubt that tho Egyptians wore well acquainted with the ma¬ 
terials fur making glass, or rather, with the metallic oxides for 
colouring it; since among tho tombs of Thebes have been dis¬ 
covered small solid pioocs of glass, or a turquoise, sujiposod to 
have been used for g.azing the eartbonwaro beads and figui-os. 
Fragments of blue, white, yellow, and green glass have likewise 
boon found—possibly made by tho Qrooks and liomans who 
conquered Egypt. Tho inannfacturo of glass was long carried 
on at Alexandria, from which city tho Bomans were snpiilied 
with that material; but bofon; tho time of Pliny tho manufac¬ 
ture had been introduced into Italy, Franco, and Spain. Glass 
utensils have been found among the ruins of Herculaneum and 
Pompeii, where glass was uho<1 for windows. Tlio Pompomn and 
Romun architects used glass in their mosaic <lucorati<ins; such 
as have bean found among tho ruins of the vil a of the Ej poror 
Tiberius, in tho island of Capri, and are bi bo seen on the 
tomb of Edward tho Confessor, in Westminster Abbey. Most 
of the large, greenish glass ciuoiary vases in the British Mu¬ 
seum, feund in Boman baiTows, and which onntaineil bones and 
Inmo-aebes, are probably tho production of extensive Egyptian or 
Boman works ; tho glass is soinowhat. impure, and is not unlike 
the modem common crown or sheet glass in (piality. Although 
remains of ancient Boman potteries have been exhumed in ‘ ',r< at 
Britain, it does not appear that any trace i of subterranean 
glass-honsoH or works have been discovered. Stnibij relati''' 
that a glass-makor of Alnvandria informed him tho' an eartli 
([irobably munganose) was found in ICgypt, vvithou wldch the 
v.'ihiable coloured glas.s could not be n.ade. It is also relati‘J 
that the Emfieror Hadrian received, as n prosei.t from un 
Egyptian priest, several costly glas.s cups, sparkling with every 
colour. 

During tho reign of Nero, great improvements were mode in 
Boman glass. Tho clear glass which bore the nearest ro- 
semblanco to crystal was Bo highly valued, that Nero is ntated 
to have given, for two cups of no extraordinary size, the almost 
incredible sum of 0,000 sestortia, or nearly JE50 000. Tho 
fired glass was in such oxtensivo use in the lime of Pliny, as 
to have almost superseded cups of gold and silver. Hence tho 
manufacture chiefly of vessels of glass to imitate precious 
stones, cut by the lathe by Boman artists, or Orcok artists 
resident in Bomo, in tho stylo of eamooR in relief. In tho 
British Museum oro pmsorved many fragments of vases and 
white opaque enamel glass, upon bine and amethyst trans¬ 
parent grounds, supporting the probability of the above opinion. 
White crystal glass, without lead, cut to imitate rock-crystal, 
was also then known ; and a few pieces of such glass of !^man 
manufacture have been found, their specific gravity being only 
•2 049, whereas flint-glass of the usual density is about 3'200 
to I'OOO of water. Subsequently, other pieccB of glass were 
cxliamod in tho city of London, oonsidared to be ancient Boman 
—one small piece of 2'COO, and another 3'144 specific gravity. 
Trade «eorota in the preparation of glass for gems most likely 
existed in ancient times; for very little has been written by 
Egyptian, Greek, or Boman authors on tho chemical constituents 
of glass gems, or oameo-engravod vases. Glass in solid pieces, 
sQoh as gems and mosaios, was probably manufactured in small 
glasa-bonses. The glass-makers of Borne had a street (msigmed 
to them in the first region of tho city; a tax was also laid upon 
them by Alexander Severus, which existed in the time of 
Aurelius, and probably long after. ThJb was a sort of ancient 
exdse, vhidi is thought to have been one of tho causes that 
ttansferred the glass mannfaiCtnTe to Tonioe. Glass was em¬ 
ployed by fha Bomans as an ornament in their palaces, in 
deoorating their altars, and for a pious offering in the tombs of 


the dead._ Many fragmeuts have been foond in the oataoombs, 
showing it to have been used likewise by the early Christiami 
in their places of worship. In the reign of Tiberias, a Boman 
artist had, according to Pliny, his home demolished for making 
glass malieablo. _ This secret is stated to have been ro>di8« 
covered at St. Etienne, in France, in 1645, when ghuss was made 
as malleable when cold as when first drawn from tho pot; by 
eombining silicon with other substances, it con be obtained 
ot^ue or transparent as crystal, very, ductile, neither air nor 
acids acting upon it. Professor Schoenbein (who invented 
gun-cotton) made also of patjor-pasto window-panes, vases, 
bottles, etc., impormoablo to water, which may bo dropped 
on tho ground without breaking, and are porfootly transparent. 
In a Boman villa discovered at Boxmoor, Herts, has been 
found a piece of window-glass of greenish hue, and about three- 
sixtooiiths of au inch in thickness; its flat andor-surfaoe, and 
its hammered npper-surfaoo, show this glass to have been 
manufactured by pouring it in a state of fusion upon a stone 
slab, and flattening it by ropeated blows with a mallet. 

llio art of mannfactaring gloss into such ornaments as beads 
and amulets was certainly known to the Druids, and glaH.s 
vessels wore made by tho Anglo-Saxons. Hoar Aberfrau 
Palace, in Wales, have boon found Druid holy snakes, used as 
a charm to impose upon the vulgar; they are about half an 
wide as our finger-rings, but much thicker, and of various 
colours. Itoinau glass, with projecting pillars on the outside, 
and smootli interior, have boeu found in London ; those pillars 
have iHJun formed partly by moulding, and partly by rapid 
rotation, increasing the projection, on tbo principle of centri¬ 
fugal force. Other Boman specimens of this kind are to l>e soon 
in tho Museum at Boiiloguc-Bur-Mor. “ English gloss-makers,” 
says Mr. Puilutt, until this discovery, “considered the patent. 
pillar (an it is called) to be a modem invention. A Boman 
vase thus made, and a oomploto specimen of pillar-moulding, 
is to be soon entire at the Polytechnic Institution.” 

Tlic Aggry beads of Asliontee wore found by Mr. Bowdich in 
that country, but tho art of making them is entirely lost. Most 
of IhcBO bcails apjieor to have been coloured in tboir layers, 
afterwards twisted together in a spiral form, and then cut aoross; 
also from diffcrorit coloured clays, raked together without 

I blending. How the flowers and patterns in tho body and on the 
Burfuco of tiio rarer beads had boon x^roduced, cannot be so 
well oxplaiiK'd. In 1847, there were dog up at Cuddosden, tho 
episcopal palace of tho Bishop of Oxford, two small vases, 
of pale blue transt>nr(mt glass, tlic pattern being produced by 
tliiek threads of glass ax>xdied to tho surface wliile molted; 

I these vessels are conjectured to be of the Saxon period, fifth or 
sixth century. In 1848, there was found at Hoadkigtou, near 
Oxford, an ancient bend, of deep green glass, splasihod with 
blue and white enamel thrown down on the muss when in a soft 
statu; it was then probably slightly twisted, and its globnlar 
form flattened. A similar bead was found in the bed of a stream 
near Oie British camp of Modmarston, and is pro.sorved in the 
Ashmoloan Museum, witli a curious series of beads, like modem 
green bottle-glass, marked with white and blue enamel. Hero 
also ore onrious perforated beads, of various colours; some 
of tho enamels being formed of concentric layers, and f^ets 
mit across these producing a vormty of waved lines. Another 
has an imitation of sto**®*^ different colours, set in studs on 
its surface; and a tliird is ornanmnted with raised and twisted 
coral work. Tlio whole collmition in fom, material, colour, and 
design, is very fine. 

The Chinese have for ages been skilled in glass-making. Re- 
mnsat states that tboir imitation of Oie iirecions stone yooobon 
waa BO oxcollont that it was almost impossible to distinguish 
the artificial from tho real. It was manufactured into vases, some 
clear, transparent white, extremely hrilliant, and os pure as a 
precious stone; others of beautiful blue, and equally pure. In 
Egypt and Syria, no difference was known between tho real 
and artificial yecchon, Uie latter being of tho same form, thiok- 
ness, and siieoiflc gravity as the former. It is even asaortod Hiat 
at Cairo, and other eitios, the oftifleia] yoochon vases were as 
highly valued as the rehl. The Cliinoae have equally well 
imitated their ju-stone; it is coloured greenish, and of such 
hordneiih and weight that it frequently surpasses tho real jn: 
fragmeuts of it are erroneously denominated rice composition. 
A specimen of the artifioial ja may be seen in the British 
Museum. > 
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PRACTICAL PERSPECTIVE.—XV. 

The mbiect of tbe preBent study is introduced in order to 
ehow that so long: as the plane of a circle or semicirole romainB 
parallel to the picture-plane the form is not in any way altered, 
but is merely described with a shorter radius, varying aeoording 
to the distance of the object from the picture. 

Having drawn the front elevation of the two piers (Fig. 74), 
join them by the line d e, and from the centre d describe the 
soini-oiroolar arch; produce the external lines of the piers, and 
draw the top line of the elovatioB. 

Now from A and a', a a', D and B, draw lines to the centre of 
tbe picture, c. 

From A set off A B equal to the real depth of the arch, and 
from B draw a line to the point of distance (not shown in this 
figure), cutting the line drawn from A to the oentre of the 
picture in B'. 

Through b' draw a horizontal line, cutting the line drawn 
from a' in B", and cutting also those drawn from a a' in i 
and b'. 

The Imos h b' and B* b‘ will represent the bottom lines of the 
other side of the piers, ccorespending with a A and A' a' of the 
front elevation. 


Exbbcibe 78. 

Boole, i inch to tbe toot. Height of opeotator, 6 that; distance, 
14 feet. 

There is a block of stone 5 feet square and 1 foot thiok; there is a 
aironlar hole of l^ foot radiue piere^ through the middle of it. Give 
a pempeetiTe view of this otgeot when standing so that its square 
Buriace is parallel to the plane of the idotnie, at 3 feet on the right of 
the spectator. 

SXEBGIBE 79. 

Give in the same picture a view of the object when standing at 
8 feet on the left of the spectator, and 6 feet within the pioture. 

Fxbbgise 80 . 

Fut into perspective the same object when lying on its square ear. 
face, BO that one of the edges at the plan ooinoidee with the picture- 
line, its rituation being 6 feet on the left of the spectator. 

Hxebcisb 81 . 

Give a perspective view of the ohjeot when lying on its square sur¬ 
face at 7 feet ou tbe right of Uie spectator, and 8 feet within the 
picture, its trout and back edges being parallel to the plane of the 
pioture. 

In the next study an application of the projoetion is shown 
in the delineation of a viaduct. 



A perpendicular drawn from b' to meet a line drawn to the 
oentre of tbe pioture from d in the point j will complete the 
distant side of the object. 

A perpendicular drawn from b' to meet the line drawn to the 
centre of the picture from d will give the point d', the spring¬ 
ing of the arch of the back elevation. 

Noit from E draw a line to the oentre of the picture, and 
from b" draw a perpendicular,'cutting the lino drawn from e in 
E', the second springing point of the arch fca the back elevation. 

Draw the springing line, D' e' ; then, if all the previems stops 
have been oeonrately followed, n' e' produced should meet a 
line ^awn from f to the centre in/—fiat is, in the point where 
toe line drawn from p outs toe jmrpendioular b '; and, similarly, 
it should out a line drawn from o in g, the point where the lino 
a intersects the perpendicular b. The perpendicular b should 
also, when produced, meet a line drawn from H to too centre 
of too pioture in i, toe point at which b is cut by a horizontal 
from J. 

It now only remains to draw toe distant semicirole. 

From df toe oentre of too arch in the front elevation, draw a 
line to toe oentre of toe picture, cutting the spriKging line 
u' B' in C", which point is the cent^ reqni^. 

From c", with x^ins c" e' or o* b, draw toe aroh, toe part 
which would be hidden being drawn in either a finer line fbuT, 
toe rest, or in dots. 

Fig. 75 toowB toe Mme ohtjeot when at a distiLnee witoin toe 
piotuze. 


The student will not find .any difficulty in projecting toe 
whole block, or the piers, and therefore, although all toe work¬ 
ing lines ore given, it is not deemed nooessary to give any in¬ 
struction on that portion of too study, and we therefore prooeed 
at once to the arches. 

Fig. 76 is toe geometrical elevation of the aroh enclosed in toe 
parallglogram A B o d. As too aroh is a somicircle, this paral¬ 
lelogram will, of oonrso, be half a square, the linos b o and c O 
will be toe semi-diagonalB, and toe line a H too half-diameter, 
or height of the arch from the springing. 

It 1^1, of course, be evident that toe lines A B and o D*of 
Fig. 7(1 'will in Fig. 77 be portions of toe inner edges of toe pers; 
therefore, • 

Having produced toe nearest perpendionlax, k, until it reaches 
li, the complete height of toe stmetore, mark on it above a' (the 
lop of the first pier) the height a' b', and from b' draw a line 
to toe centre of the picture, cutting toe inner edges of the piers 
H and N in B and c. 

The interseotions A and a will already exist, as toe line froqi 
a' to toe oentre of the picture will have been drawn when pro¬ 
jecting toe piers. 

The fignre A b c D will then bo the perspective projeotian of 
too oont^ning roctangW 

Now, between the points on the picture-line which mark too 
real span of the arches, mark off too oentre B, and from it draw 
a line to toe pmut of distance, cutting toe line drawn from K to 
toe oentre of too picture in f. 
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IVom r draw a patpendioular, which, ont«ng a d in a, will I From i and j draw horissontnls, cutting the Bomi-diagonak h g 
giro the perspectiTO centre, and cutting b o in H, will give the and c g in i andj. Now, starting from a, trace the curve of 
orown of the ajoh. , the arch, pasaing tiirongh i h J to d; also the oorresponding 

From B' and A draw hnes aoroes the aide of the first pier to ourve, passing from a through ih j ia d, the tu'ddnti portion 
V and a', and from these draw lines to the centre of the piotnre. ; being drawn either in dots or a fine line, whilst the part which 
Perpendiculars from ni and n will out these lines in a 6 c and ! is visible at d j is to be fully drawn. 



d, which will be tho projection of the containing rectangle on 
the opposite elevations. 

Prom P draw a horizontal line to /, and on / erect a perpen¬ 
dicular, cutting a' ding, and cutting V e in h. 

Then g will be the centre, and h tho orown of the arch, of tho 
distant elevation. 

Koi^draw the semi-diagonals B Q andx u, and also 6 g and e g. 

Viom A' sot off A i', and from i' draw a line to the centre of 
the picture, cutting the diagonals in i and j. 


This prooeBS is to bo repented for each arch, but the work 
will be materially lesaoned after the first has been drawn, os 
several of tho linos already used will bo available for all; and, 
further, as tho arches recede, those on the opposite elevation 
will become invisible, and it will therefore bo unBeoessary to 
draw them, excepting for special study. 

* Ezebcibe 82 . 

Put into pewpootiTe the series of srohes similar to thMS shown in 
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Figa. 74, 7S, when the front elevatios ia placed nb $0" to the plane of 
projeotioa. The aonle, heiglit of apoctator, Aiatanca, and dimenaioua 
ut piaaaore. 

The limits of those lessons preclude our caityiog' this subject 
any further; but the student is urged to remember that this 
series of lessons is merely elementary, and that it ia wont of 
apace, and not want of matter, which compels us to close. £!ach 
lesson herein given, however, is capable of farther working out, 
and it is hoi)ed that every learner will endeavour to vary and 
apply the studies so as to acquire a thorough knowledge of the 
anbjeot as far as taught in these pages, and ho will thus pie> 
pare himself for the advanced courses specially adapted to the 
various branches of industry which will diverge from this. 


BIOGRAPHICAL SKETCHES OF EMINENT 
INVENTORS AND MANUFACTURERS. 

XVII.—jonn EOKUUCK, M.I)., F.R.S. 

BT JAMBS CKANT. 

Db. John Boebtick, one of England’s greatest experimentists 
in metallurgy abd chemistry, and who, had he fully succeeded 
lis projeotor of the groat Carron Ironworks, would have been 
deemed one of Scotland’s greatest benefactors —“ one who, 
daring a long and active life, was distinguished by uncommon 
talents and groat virtues”—was bom in 1718, at Sheffield, 
where his father carried on the businosa of cutler, in the course 
of which be realised a comfortable competency. Pleased with 
bis srocess in life, ho wished his son to follow his own trade, 
but the lad being irresistibly attracted to something higher 
than mere dealing in hardwares, and having a love fur scionue, 
was liberally encouraged in his tastes by his father. Ho was 
thus sent to Northampton, and placed nnder tlio tutelage of the 
Itev. Philip Uoddridgo. who there tanght classical litoratnro, 
logic, ethics, theology, and sumo collateral bronchos, and who 
liiul then among his pupils Hugh Karmor, afterwards known by 
his writings. I>r. Aikin, the father of Mi-s. Tlarbauld, was one 
of his assistants, and his lectures wore attended by students 
even from fktotland and Holland. Prom this provincial semi¬ 
nary ho was sent to the University of Edinburgh, where ho 
applied himself to the study of mudicino, but more particularly 
that of chemistry, which was then the subject of much attention 
at all the Scottish universities. While in Edinburgh ho con- 
traetod many friendships (whhih were useful to him in after 
life) among the men of letters for whom the North was then 
famous, particularly Hume and Bubertsun, the historians; and 
“ this circumstance ia supposed to have contrihutud not a little 
to his partiality in favour of Scotland, and his afterwards select¬ 
ing it as the field for his industrial operations.” 

After atndying and graduating at Ijcydcn, in 1745 he settled 
at Birmingham, which then consisted of little more than thirty 
small streets; bat it was in that year that Boulton’s invention 
for inlaid stool for buckles, watch-chains, and other articles was 
tlioro brought to perfee.tion ; and, oven then, Birmingham was 
the principal seat of the metal mannfaeturo, and its mechanics 
were deemed among the most skilful in lirituin. Wliilo prac¬ 
tising his profession, the attention of Dr. Boobnoh was drawn ut 
(in early period to the rxtremo scarcity and high prioo of the 
material in which the tradesmen worked, and ho conceived that 
a method might he devised to smelt tlio iron otherwise than by 
ehareool. Ho kad a laboratory fitted up in his house for the 
pnrjioKo of prosecuting inquiries with this end in view, and at 
the crnciblo he siieiit every hour ho had to spare from his pro¬ 
fessional duties. It was thus that, like Dudd Dudley in the 
preceding century, ho came upon the same process of smelting 
iron by pit-coal, and afterwarij had it omnodiod, like that lack- 
loss cavolior-projiioter, in a patent. Ho invented also new and 
improved modes of refining gold and silver; and those proved 
of vast practical value to the nicchanius of Btrmingham in their 
vanons branches of trade. 

Boebnok next sought to invent the most economical modes of 
procuring the different chemical forces, such as ammonia, subli¬ 
mate, and other acids, nsol in the Birmingham trade ; and so 
gimt was his snooesH in these efforts that he was induced to 
build a large laboratory for their manufacture, and this his 
friend Mr. Gorbott oondaotod with great skill. His success led 
him to projoot the establishment of a large manufactory for 
the modem prooesa ot distilling vitrioUo add in larger quantities, 


and in leaden in Ben of gloss vessels; and having now relin¬ 
quished his practice of physio, and l^ea ea a partner Mr. 
Garbett, he resolved to establish his new works ^ Scotland, 
and with this view repaired to Frestonpons, a melonoholy old 
burgh then and now, hastening to ruin, situated somewhat 
bleakly, on the south bank of the Forth. There, in 1749, he built 
his prejeoted works, and the enterprise proved so suooessful and 
lucrative that ho resolved to strike out new bEanohes, and started 
a pottery, which exists to tiiis day, in the same neighbourhood, , 
for the manufacture of white and brown earthenware. The clay 
used in this work was brought from Devonshire; the flint from 
Kent; the red and white le^ from London and Hail. 

About Ws time he had the good fortune to make the friend 
ship of Mr. Cadoll, of Cookensie, a noighbouring proprietor, who 
was earnestly intent on developing the industries of Sootlaud, 
which were then in a very backward condition, and for long 
after were omsbed by centralisation and imperial neglect. 
Cadoll had frequently endeavoured, without success, to ostablish 
a manufactory of iron; but, on being joined by Boebnok, they 
proposed to organiso a oompany, select a site, and make the 
necoHsaiy arrungumeuts for beginning the smelting of iron. A 
careful examination of the coasts of Fife and Lothian led Boc- 
buok to select a spot on tho then sequestered banks of the 
Carron, near Larbcrt, in Stirlingshire, whore there was a plentiful 
flow of water, and in tho neighbourhood an inoxhaustiblo supply 
of iron, coal, and limostuuo; and there, on that ground whieh 
Scottish history oud tradition have made alike olossio, Dr. Boe- 
bnek planted the first Seottish ironworks, luid there the first 
furnace was blown on January 1st, 17C0. 

Skilled workmen, who were brought from England by Boe- 
buck, formed the nucleus of industry there; and in the course 
of tho first year tho works turned out 1,600 tons of iron. The 
original capital was .£1.50,000, divided into 600 shares; and by 
the year 17711, 2,000 men wore employed there. Tho operations 
(Sirriod on within wore long kept a secret from tho outer world, 
and henoo tho rule whieh excluded Bobort Bums when ho wont 
to view tho place • u rule which still <>xists to a groat extent. In 
accordance with his patent, dated 1762, tho doctor used pit- 
coal, and thns describes his process:— 

” I molt pig or any kind of cast-iron in a hearth heated with 
pit-coal by the blast of bellows, utid work tho metal until it is 
reduced to nature, which 1 take out of the fire and separate to 
pieces; then I take the metal thus reduced, and expose it to the 
action of a hollow pit-coal fire, heated by the blast of bellows, 
till it is rodnecd to a loop, which I draw out under a common 
forgo hammer into bar-iron.” 

The principal production of tho Carron Works was oastiiigs, 
for which tho peculiar quality of the Scotch iron admirably 
adapts it. 

In 1771 the projector had tho misfortune to lose his brother, 
Mr. Ebeuexor Boebnok, a merchant of liondon, and partner in 
tho company, who, while viewing tho Carron Works, was crushed 
to death by a vast piece of iron which fell upon him. 

The ship and battery guns so long and well known as ear- 
ronades or “ smashers” wore first oast hero in 1779—^tho 
invention of General Bobort Melville, an officer who served 
under Lord Bollo at the capture of Dominica, tho storming ot 
Martinique, and elsewhere. They wore poouliarly oonstriuited, 
being shorter and lighter than other oannon, and having a 
chamber for the powder, like a mortar. They were cast in 
enormous numbers at Carron, and were employed throngb- 
out all tho fighting and mercantile marine of Europe and of 
Amorica. The first i f them was iirosonted by the Carron Coro- 
ptfny to the family of tho general, who still prosorve it} nnd*an ^ 
inscription on tho carriage records that they were oast for 
” solid, ship, shell, or carcass shot, and first used sgainSt tbo 
French fleet in 1779.” 

Wealth was now flowing in for a time upon Dr. Boehuok, 
who embarked in coal-mining, and became the lessee oT tho 
Duke of Hamilton’s gr> at mines at Borrowstowneas, os well M 
the salt-pans in conneotiou with them. He then, with his 
family, leased one of the duke’s oonntry-seats, named Kinniol, 
a stately old chateau, situated on the edge of a beautiful bank 
fifty feet above the Forth, surron^ded by gardens and great old 
trees, and commanding a fine view of tbe whole estaaxy and 
coast of Fife. S 

In sinking for cosJ at tbe new mines, be fomcl a neoeeuty fo' 
pumping machinery of the m(»t powerful kiad to keep tbsia 
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clear of water; and Nowoomen’a engine being found insufficient 
for that purpose, his friend, Professor Joseph Black, who then 
oocapied the chair of ohemistry at Edinburgh, and is celebrated 
as the discovem of fixed air or carbonic gas, informed him “ of 
a yonng man of his acquaints,noe, a mathematical instrument 
m^er in Glasgow, who had invented a steam-engine calculated 
to work with greatly increased power, speed, and economy, com¬ 
pared with Newcomen’s.” ItMbuok was mnch interested on 
hearing this, and immediately wrote to “the yonng man” in 
question, who proved to be no other than James Watt! He 
was invited to Kinniel, whither he came iu the month of May, 
1708, and Boebuok was so pleased with his engine and mecha¬ 
nical genius, that the snbjects of its introduction to general 
use, and of his becoming a partner, were speedily disoussod. 
Watt, who, as we have related in his memoir, hud been labonr- 
ing at his invention for years, contending with the difficulties 
incident to limited means, and was deeply indebted to Professor 
Black, whose monetary sidvanoos “ ho hod felt to bang like a 
millstone about his neck,” hailed with pleasure the patronage 
of Boobnek—one accustomed to great enterprises, ” a bold and 
undaunted man, and diaregardfal of expense when ho saw 
before him a reasonable prospect of sucoess. His reputation as 
a practical chemist and philosopher, and his snoccss os the 
founder of the Proslonpans Chemical Works and of the Gamm 
Iron Works, justified the friends of Watt in thinking that ho 
was, of all men, the beat paluulatcd to help him utthis junoture, 
and hence they sought to bring about a more iutlmato connec¬ 
tion between ^o two. The result was that Dr. Itoebuok even¬ 
tually became a partner to the extent of two-thirds of the 
invontion, took upon him the debt owing by Watt to Profoasor 
Hlook, about £l,Z00, and undertook to find the requisite money 
to protect the invention by patent. The nooesaary steps were 
taken accordingly, and the patent right was secured by the 
beginning of 17611, though the perfecting of bis model cost Watt 
mnch further anxiety and study.” 

it was iu an outhouse, still standing ul Kinniel, and close 
behind the old ducal inan.sion, by the burnsido in a wooded 
glen, that Watt worked till he brought his onpiiio to perfection, 
and his somewhat desponding siiirit wa.s always cheered the 
while by the hopeful nature of Boebuok. 

In the Course of his useful and public-spirited oxortions, the 
batter mot with many pleasing and fhiltoring marks of afipro- 
bation from the most distinguished men in the country ; and 
the magistrates of Edinburgh, when ho was presented pnblioly 
with the freedom of the city, stated “ tliat they grants it to 
him for the eminent servieos he had done to Sootliuid.” The 
Catron Works still employ more than 2,000 men ; there nro five 
blast or smelting furnaces, four cupola fnrnaeos, and twenty 
air furnaces. Besides the machinery driven by water, there is a 
ideam-engino of 90-horae power, v,hieh is used entirely in th-i 
production of blast. All kinds of cast-iron goods are manufn.u- 
turod there—cannon, mortars, carronados, shot, shell, agrieul- 
toTol implements, pipes, boilers, ovens, vats, ikjIs, etc. 

When Itocbnck's stKonilations were at their sonith, misfor¬ 
tunes began to come upon him ; and when the fatal crash came, 
lie sank under the burthen, and not Watt. The pnjgTOSs of the 
•latter’s engine was slow, and as it was long before it oould be 
applied to draining the mines, the heavy responsibilities of 
Boebuck wore proving too much for him. ’The opening out of 
the principal coal involved an onormons ontluy : it had extended 
over years, daring which the bold English simonlator sunk not 
only his pwn fortune, but that of his wife, and large sums bor¬ 
rowed from many friends—a resort that distpossod him .looply- - 
^ aB of which he was eventually totally unable to repay or to 
retrieve. Yet he struggled hard and nobly. From his refining 
Works at Birmingham and his vitriol works at Prestonpans ho 
withdrew Ms entire capital; while at the same time bo trans¬ 
ferred to Watt his entire interest in the sloam-cnginfi, *‘ the 
voine of wM<di was thought so small that it was not even 
indudod among tlio assets; Boebnek’s creditors not estimating 
it as worth one farthing I” 

Boebuck did not long survive his pecuniary misfortunes; 
after a little time spent in comparative obscurity, ho died at 
Kinniel House, July 16th, 1794, in his seventy-sixth year. 
Erom Kinniel, aooovding to the BaotlisK Chrooiclc, “ he was 
oarried to the place of interment in ihWoharchyard of Can-idea, 
on IfttbiWaid the s|lent and respectful sottow of many 
hnndieds of his workmen and tiieir families.” 


By a ohanoe in the turn of events, Ms native town of Shefleld 
was long represented in the British Parliament by John Arthnr 
Boebuok, Ms grandson; but such was the enorgetio career of 
one whom a recently published Cyclopaedia of Biography dis¬ 
misses thus with two pithy lines :— 

“ Boebnok, John, a physician and experimental ohomist, bom 
at Sheffield in 1718; Med, after ruining Mmself bvhu proieota. 
1794." s r . 


PRACTICAL APPLICATION OF THE FINE 
ARTS.—IV. 

THE AET OP GIASS-PAINTINQ. 

By P. H. Dexahotte, Professor of Drawing, King’s CoIIogo, Iiondon, 
CDTTINO OUT, BHADINO, AND BDBNINa THE aUASB. 

Hatching Colours .—We have spoken of the manofaeture of 
pot metai; the next process is to prepare this pot metal for 
the picture. The first thing necessary is to moke choice of the 
glass to be used, and fur tMs purpose it is oonvenient to hare a 
frame fixed with small pieces of gloss of various colours and 
different manufactures ; and this frame hnnn beforo a window 
with a good light, looking to the north, and not ohstruoted by 
bunsc.s or trees, but so placed that the glass can bo seen against 
tbo dear sky, gives an opportunity of matching the colours 
with those of the original design. In this matching the colours 
it must bo remembered that the plain glass should approach 
most nearly to the tint of the brightest part of each colour, as 
the snbsetjuent shades will make the coloar darker and some¬ 
what duller; though the aim of good {tainting is to avoid as 
much as possible dulling the original oulour. But whatever 
care may bo taken to match the glass by s[)eaimon pieces, after 
all the actual sheets of pot-metal must bo token out and 
examined to clioose those shoots which, from their thickness, 
depth of coloar. imperfections, and shading of tint, arc suitable 
to the Bulijoct iu hand. 

OutUng out. —Tht' glass being chosen, it is laid upon the 
working drawing or cartoon, and mill a diamond cut to the 
required sliupo. The ancients, who did not use diamonds (and 
wn do not know that the use of the diamond was discovered 
beforo the time of Queen Elisabeth and Francis 1., and it was 
not ouuinioiily employed in cutting until 1700, though perhaps 
sumo scratching hncl been done at an earlier period), had to 
iiidopt other methods, and elaborate directions ore given in old 
treatises liow the glass might be divided. From this imper¬ 
fection of insti-nmonts wo may cxpliiin some of the more 
frequent leadings which wc find in a great many of the old 
windows ; though, no doubt, much more is to be accounted for 
by mending .subsequent upon cracking. The English plan of 
having a ohareoal drawing upon wMto paper is preferable at 
this stage to the French habit of drawing on a bluo paper; 
since the black lines on the white are clearly vimblo through 
the nomi-traiis|)aront glass, whereas the drawing on a blue 
paimr has to bo traced on the gloss beforo the latter is out. 

When the glass is cut into a proper shape it is roughly 
olampod together with bits of leading or lam)n of cobbler’s- 
wax, and hung up, so us to represent the intended picture in 
genend ontlino. 

I’aintinij. —’I’lio shading now begins. JTua is oflooted by a 
process of onamclluig; that is, the surface of the glws is 
rendered leas transparent by IhOfUse of metallic oxides. What 
is technically colled staining is an ontin-Jy differmit process, 
though apparently the means are the same. Staining implies 
the imparting a yellow, orange, or similar colour through the 
depth of the glass without detracting from the transparency. 
The enamelling is burning into the surface of the glass a metal 
which, while it imports some colour, at the same time destroys 
more or less completely the trausjtarency of the material. The 
great art in painting or enamelling is to overcome tMs difficulty 
of destroying tlio transparency, as may especially bo seen, 
either in those misoi-able failures of foreign workmanship in 
Ht Paul’s Cathedral or at Glasgow; for with gloss of oven 
greater transjiarciioy than the English the Continental glass- 
painters contrive to make opaque pictures inatoail of trans- 
paroncies. It was against this that the late Mr. Winston so 
egurnestly warned modern glass-pointors. 

Materials .—Tho materials used in enamelling are prinoipally' 
oxides'of iron, both red and black j and with these are used 
B<«ietunoB red or wMike lead, the whole being mixed with silfaw. 
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and borax. The TariouH materials u«od give a variety of colour j 
to the eh^e, and judgment mtut be uaod to adapt the tone to , 
the roBult required. The materials can probably bo beat ob- j 
tained from eome gloaa-painter, until the artist beoomaa a little I 
ocoustomed to the uae of them. They are mixed with various | 
vehioles, either water or oil. If water is employed, a little gum | 
should bo added to stiffen the pigment. The oils used are j 
turpentine, oil of lavender, oil of thyme, and tar. It is usual 
to use water in the earUw process, and to finish off with oil. 
The implementa uaed ore given in Fig. 2. They oonaiat of one 
or two flat sables, No. 4; a stipplor made of hog’s hair. No. 1; 
a traoer of sable. No. 2 ; a sorubb. Nob. 3 and 5, made of hog’a 
hair out down from an ordinary oU-oolour tool, either round or 
flat, the latter being better; and a shader for oil colour. This 
last may be either aable or camel’s hair. 

Kinds of Shading .—^Tho various kinds of shading are called 
(1) the smudge or smear, (2) stippling, and (3) V.ne-shading. ! 
The whole of these three kinds of sltading are frequently ua^ | 
in the same window. 1. The smear is applied with a large 
soft brush. No. 4; of oourao, not flat all over alike, but ' 
deepest in those portions whoro the shadow is to be darkest; ! 
but this is much improved if it is stippled with such a brush ! 


glass, and o^er pale tints, great variety and delicacy oan be 
used. The shading, again, after it is burnt seldom appears so 
deep as it did when the unbomt pigment lay on the surface; 
but in this respect there is considerable difference in different 
glasses. 

Orisaille .—^In the above we have entered into all the pro- 
oessea of staining and shading every kind of glass; but the 
beginner wiU find that the sort of glass-painting called grisaille 
will afford him considerable scope for the employment of his 
talents, and yet not bo so complicated as where a great variety 
of colours are combined. This consists of brown patterns or 
aoroU-work, aooompaniod by yellow stain upon white glass. 

Burning .—The glass being thus painted, it is ready for burn¬ 
ing, and tins is aooompliahsd in furnaces fitted with shelves or 
drawers of iron, covered with lime finely powdered. On this lime 
the glass is placed, and the whole subjected to considerable 
heat, but not snfiioient to melt the gloss, only enough to soften 
it. During this process the silver sinks through the plates of 
glass, whUst the shade is attached to the surface so finely that 
it cannot be detached. Either through defective burning or 
from the chemical action of various gases ni>on the surface of 
the glass, the shade will not unfrequently come off old glass if 


as No. 1. This is done 
by pushing the end of the 
hairs against the glass 
and withdrawing the tool 
quiokly. By tUs means 
the pigment, instead of 
lying in flat sheets or in 
streaky lines, is drawn 
up into dots and short 
steokes, leaving intcr- 
stioos through which the 
light oan penetrate. 
When this first shadingis 
dry it will bo possible to 
rub off the pigment, which 
has become powdery, 
from those parts that 
should bo quite light. 
This may be done either 
with such a brush as 
Nos. 3 or 5, or with the 
handle of the brush or 
other convenient stick. 
After this it will be 
useful to apply more 
sliade, and this is usually 
mixed witli an oil vehicle, 
either os before with 
stippling, or by tracing 
lines of some oonsidor- 
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only Boratehed with the 
nail. A good deal of care 
and watchfulness is re¬ 
quired to heat the glass 
to the required tempera¬ 
ture so as not to melt it 
on the one hand, and on 
the other to ensure the 
fixture of the colour. 

The glass may be burnt 
several times over, bu' 
it is better, if possible, 
to arrive at the desired 
effect in one burning, for 
not only does this save 
time—a matter which 
should always be a con¬ 
sideration with the “ cun¬ 
ning workman”—^but it 
imparts a greater trans¬ 
parency and brightness 
to the glass. 

Leading. — The glass 
being now completed, it 
is all ready to be fastened 
together with the leads. 
Those loads are in some¬ 
thing of the form of an 
H placed sideways, thus 
ae. The workman takes 


able force with brush Fig. 2.— brushes used in olabs-paintiho. a piece of the glass, and 


No. 2. When the outlinea 

ore strongly marked it will frequently bo found convenient to 
trace out these first with No. 2, and afterwords to add the 
stippling when the former is dry. The early pointors of the 
twelfth century not unfrequently rested entirely upon the force 
of t^pir line-shading, and seldom used stippling. Tti the ease 
of stippling or 'smear-shading with an oil vehicle it will bo j 
found advantageous to lay on a thin coating of oil or two 
previously, in order to make the colour work more cosily. 

Fraotioe in chalk-drawing will assist the artist towards a 
mastery of the character of shading required for gloss-pointing. 
The general shades put in with the stump answer to the smear 
and stipiding, whilst the firm black linos added afterwards 
oorrespond with the shades produced with the small fine brush. 

With tte Jimhed glasses, which are p-lmost all of a ruby 
Dolour, with either white (i.e., transparent), or light brown, or 
yellow foundation, another treatment is sometimes adopted; 
the flashing is removed either with fluoric acid or by grinding— 
i» glsSB-psdnting almost always by the former prooess. The 
plain glass thus left can again be stained with nitrate of silver, 
or shaded like oilier glass. 

Effects ef Shaditig on Different Coloured, Glasses .—It wiU soon 
be found that different coloured glasses reooive the shading 
differently. Delioaoy of shadow and half-tints would be Sutiroly 
kwt upon deep and heavy glass; whereas on flesh tints, white 


onts off a portion long 
enough to go oomplotoly round it. He then bends it round the 
oomers, and presses in the Ups of the folds. When it is fitted, 
the ohinks between the load and the glass are fiUed up wiW 
putty or cement, and the joints are soldered together. Caro is 
taken to fix little wire hooks to such parts of the leading os wiU 
come against the stanchions, and the whole is completed and 
fit to be raised to its appointed place. 

The Proper Study of Antiquity .—^In this matter of Ifading, as 
in almost aU other points oonnocted with painted glass, the 
work of the Bneionta and of the moderns should he observed; , 
the former with a view of imitating the different modps by 
which various difficulties should be overoome, at the same tiufb 
avoiding the peonliarities whiob their ignorance of many modern 
inventions m^o compulsory ; the latter, that their defloiqpoics, 
carelessnesses, and want of taste may become a wamiug of 
shoals and rooks upon which the oompetition and aim at cheap¬ 
ness of modem times have shipwrecked many an intelligent 
workman and many a painstaldng artist. The leads of the 
ancients were narrow but strong, aooroely perceptible iu the 
pictures; whereas those of the last and the early imrt of 
the-present century were broad and disfigured the glass. The 
present manufacturers, fa this respect as in many othm, are ' 
doing their best to oultivato a wise and disoriminating imitation 
of antiquil^. 
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THE STEAM-ENGINE.—XIT. 

J. U. WiassB, B.A. 

TE» XOCOMOTIVE — SPBCIAL REQUIBEUEMTB — FURKACB— 
TUBUULK BOILER — UECUAMiaM — BEVEB81MU UEAR — 
GOODS ENGINES. 

We liavo reserved for this our ooncludingr paper a deseription 
of tlie locomotive, which' is one of the most important applica¬ 
tions of the power of steam. In modem times the whole of this 
and several other countries has been intersected by various linos 
of railway, and there are scarcely any countries entirely devoid 
of them. In many places, indeed, they have performed a very 
important office, having' served as the pioneers of civilisation, 
and opened up fresh delds for industry and commerce. 

In India their influence in this way has boon much felt, and 
hence the system there is at the present time bmng greatly 
extended. 

This rapid development of the railway system has very 
naturally directed much attention towards the best and most 
economical form of steam-engine suitable for working it. The 
plan of employing a fixed winding-engine with a long ropo 


The boiler is also limited in diameter by the distance between 
the wtiouls, as it is very iucouveuient for it to overhang them; 
and its dimensions being thus limited, variona arrangements 
I have to bo made to enable a sufficient amount of steam to bo 
I generated. 

Ihe engine has also to be so constructed as to carry with it 
a supply of fuel and water sufficient to last it for the journey, 
or till it arrives at some station whore it can bo replenished. 
In engines which niu on the long lines of railway a separate 
tender is usually provided to hold these, and is coupled closely 
behind the engine. In tliose, however, which run short dis¬ 
tances—as, for instance, on many of the metropolitan linos—^the 
tender is dispensed with, a small tank and coal bunker being 
arranged at the hinder part of the engine. 

Considerable arrangement is requisite to ensure the duo dla- 
tribution of the weight on the various wlioela: the greater 
' portion should rust on those which drive the engine, as they 
thus obtain a mnnh firmer grip on tlio rails. Great fears were 
at first entortainod lust this grip should prove insufficient to 
propel a heavy train, but experience lias now oomplotely dissi¬ 
pated thoso. In frosty weather there is occasiouLliy a 



attachod to the carriages was soon found to bo costly and nn- 
satisfaotory, and at the present time locomotives of various 
^nds are employed on all passenger lines, the old plan being 
rtill retained on a few mineral linos with steep gradients. 

On all long and important lines there ore two perfectly 
distinct Idnds of traffic, the one oonsisting of passengers and 
parcels of light weight, the other of heavy goods and parcels. 
For the former of these the gfreatest rate of speed that can 
safely be* attained is desirable, and passenger engines are 
aocardingly constructed capable of drawing light loads at a 
"speed of at least SO or 60 miles per hour. For the goods traffic 
oilgindk of a much more powerful form are constructed; these 
possess greatiy increased tractive power, but travel at a 
slower pace than passenger engines. On some of the Conti- 
nentaFrailways, goods engines of a very cumbrous and compli- 
oated construction have of late boon introduced, some of them 
possessing as many as six pairs of driving-wheels, and four 
cylinders. It seems probable, however, that the same duty 
•night bo more efficiently and economically performed by the 
employment of two ordinary goods engines coupled togotnor, 
•vhen Each very heavy trains are required. 

There are many things which have ta be considered in the 
sonstmetion of a locomotive. Its various parts must bo 
•••a^e very strong and securely fastened together, to unable it to 
resist the constant vibration arising from the rapid motion. 


difficulty at starting, but a little sand or gravel scattered 
on tho rails soon overcomes tliis, and in most engines a small 
sand-box with a shoot is now placed at tho side so as to scatter 
a little sand in this way when necessary. 

The great object that has lioon aimed at of late is 'to con¬ 
struct a locomotive which shall bum coal, and at tho samo'timo 
consume its own smoke. All engines are now required by law 
to burn coke in order to avoid tho injurious oiTects oi tho 
smoke, but this adds greatly to tho expense, coke being much 
loss economical than cool as a source of beat. 

In Cndworth’s engine the furnace is mOde very long and 
sloping, and only a thin layer of fuel is laid upon it. The coal 
is then gradually supplicsl in front, and the smoke is mainly 
consumed as it travels over the incandescent fuel beyond and 
becomes mingled with the air tbat enters through the fire-door. 

Other engines arc fitted with a combustion-chamber beyond 
the fnmace, and in this the flame and gases become mixed with 
air and consumed. In Beattie’s form there are two furnaces so 
arranged that the products of combustion m the lower shall 
pass over tho other, and thus bo oonsumwl before they re^h 
the flues. In this ease the upper furnace is fed with coke, while 
tho lower may bo fed with coals, as the smoko given off from it 
is consumed in passing over tho coke lire. _ 

Very many other plans have been tried with varying degrees 
of success, but none can yet be said to have fully attained the 
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desired end, thongh the ivmoant^ smoko evolved is materially 
diminishod by their adoption. 

The general conetmotion of tho locomotive will be best 
understood by means of a sectional view. We have accordingly 
given one of an express passenger-engine with coupled driving- 
wheels, similar to many in use on the London and North- 
Western lino at tho present time, and wo shall proceed to 
explain in sunccssinu the details of tho various parts (h'ig. 45). 
Tho fumaco bore shown is constructed on Beattie's plan, being 
divided into two iiortions by a sloping water-bridge which 
pa'^ses from side to side of the furnace. Tho smoko from tho 
lower or hinder furnace passes through porforatious in this 
bridge, and in tho fire-block against which it leans, into the 
second furnace. A hanging bridge at the top of tliis deflects 
tlie smoko downwards on tho bnming coke, and thus ensures 
its being oonsuiued, while a second perforated bridge placed at 
tho back of tho fire-box prevents the boated gases escaping too 
rapidly into the fines. Tho sides of the fire-box aro made 
doable, tho water in tho boiler being allowed to circalato in tho 
space between tho two plates, and much heat is thus ira]mrted 
to it. Various stays connect these two plates together so as to 
prevent their bulging, and some of these stays aro made hollow 
BO as to increase tho heating sarfaoo of tho fire-box. 

Movable ash-trays aro placed under each of the fumocos to 
receive tho hot cinders that fall from them, and lovers are 
nsnally provided by wliioh tho doors of theso ash-pans may bo 
opened, and tho cinders aHowod to osoapo. 

The barrel of tho boiler below tho water-line is occupied by a 
largo number of tubes, nsnally made of brass, and socurely 
fiMtened to the bock of tho fire-box, and in front to a plate 
fixed in tho end of tho boiler. The smoke as it passes througli 
theso imijarts to tho water tho greater portion of its heat, and 
then escapes into the “ smoko-box,” ns tho front portion of tlio 
engine directly under tlio cliiinnoy is called. Tho tubes are of 
small diameter, nsnally about IJ or 2 inches, and are placed as 
dose na they well can be, when sufficiont room is loft for tho 
oireulation of tho water between tliom. 

In the front of tho ongino i.s a door which o)icns into tho 
smoko-box; somotimos tliis is mode in one piece, and can bo 
removed entirely, being hold in its place by a screwed bolt and 
nuts; at other times it is made in two pieces hinged at earth 
side. By opening this, access is gained to tho smoke-^x for 
the purpose of removing soot or ashes which may be deposited 
thoi’o, and also to clean ont tho tubes. 

The funnel of a locomotive must of necessity be somewhat 
short' to admit of its passing under the various bridges which 
BO often cross a lino of railway. This fact, coupled with tlio 
small diameter of the tubes, tends to render the draught some¬ 
what feeble, and hence there was at first difficulty in main tain- 
ing sufficiently rapid combnstion in tho furnace. This is entirely 
ovoroomo by allowing tho exhaust steam to escape into tho 
chimney. Tho two exhanshs are connected by a or, as it is 
termed, a brooehos-pipc, to one mouthpiece; and tho constant 
escape of tho steam at a considerable pressnre from tliis 
qniekons the dmught voiy greatly, and produces tho snorting or 
puffing so woU known to all who have observed an ongino at 
work. Tliis jot is usually carried a little higher than tho 
month of the uppermost layer of tubes. 

Oa tho top of tho ongino are seen two domes. Tho front and 
smaller one of these is flit%d with two safety-valves, one of 
which is usually soenred so that it cannot bo altered by tho 
engineer. A valve is also frequently fitted at the top of the 
other dome, but tho main purpose of this is for tho month of 
tho steam-pipe to ojien in it. Tho higher this can be made to 
open above the surface of the water in tho boiler tho better it 
is, as tho ebullition, added to the shaking of the engine, keeps a 
larger ^onnt of water mechanically suspended in the steam 
spooo, in a state of iniunto division. If much of this were 
allowed to enter tho stcam-pipc, there would bo an excessive 
amount of priming. As it is, the blow-off cocks in tho cylinder 
have to be frequently opened to allow of the escape of the con¬ 
densed water. 

The month of the steam-pipe is therefore situated near the 
top of the dome, and is dosed by a valve which is regulated by 
the handle scon over the furnace-door. Sometimes a valve of 
ordinary construction it used for this purpose, but njoro fre¬ 
quently there are a number of paraJld dots at the mouth of the 
pipe, and against theso a gxHii'oa plate,, cut with oorresponding 


dots, works steam-tight. , The degree to whidh the valve is 
opened is capable of exact adjuatment by meam' of tho handle, 
the motion being usually communicated by means of an eooen- 
trio fixed on the rod, and thus the engineer con isorease or 
diminish at pleasure tho supply of steam to the cylinder. 

The steam-pipe posses along inside tho boiler, and throngh 
the cud of it by a steam-tight joint into the smoke-box, where it 
divides into two branches, one of which goes to each cylinder. 

The cylinders are situated at tho lower part of the smoke- 
box, often being included within it. In the engine figured their 
diameter is about 17 inches, and tlio stroke nearly 2 feel. 
Tho head of the piston-rod is made to work between gnidos 
firmly soenred to tho frame-work of the engine, and a connecting, 
rod passes from IWs head to a crank which is forged on the axle 
of the driving-wheels. A straight connecting-rod also passes 
from a crank fixed to tho end of this axle outsido tho wheel to 
a similar crank fixed to tho axle of the hinder pair of wheels, 
so that there are fom- driviiig-whccls instead of two, and in thi.^ 
way a much greater hold on tho rails is obtained. Tlioso wheels 
must, of course, have exactly tho same diameter, and the cronl.s 
on their axes must bo similarly placed. In tho engine shown 
their diameter is 7 foot, and they arc about 6 inches in width : 
a few arc made even larger than tliis, but the usual size in 
ordinary iiassenger engines is fAim 5 to C foot. A small ilaugo 
is turmid on the inner edge of oU tho wheels to keep them front 
miming off tho roils. 

The connecting-rods and gnides are not .shown in tho figure, 
as they would only render it more complicated. 

■Wo come now to a very important point, namely, the dide¬ 
valve, and tho moons of controlling its movements in snoh a. 
way ns to make tho engine travel forwards or backwards at 
pleasure. The valve itself is of the ordinary throe-ported kind, 
and an oooontrio fitted to tlio axis of the driving-wheels imparts 
motion to tho valvo-rod. A moment’s thonglit will at once shea 
that the direction in whiob tho ongino moves depends upon the 
position of tho cceentrio with regard to the crank. Supposo, fm- 
instance, that the piston is at tho middle of tho stroke when the 
steam is turned on, and that tho crank is situated at tho same 
time above the axis; then if the valve bo in such a position that 
the steam is admitted to tho top of the cylinder tho engine will 
travel forwards, while if it bo admitted to the bottom it will 
travo] backwards. Now the pesiliuu of the valvo will manifestly 
depend upon that of the occentric, and this it is almost impo.s- 
siblo to make movable. Tho difficulty is, howovW, fully mot by 
fitting two cccontries to the axis, into in such a position as to 
propel tho engine forwards, tho other to propel it backwards, 
and tho rods from those two eccentrics aro connected to tiic 
two ends of a link, os shown on a larger scale in Fig. 4C. Hen’ 
f is tho forward and n the backward connecting-rod, and v the 
valvo-rod, tho end of which, 

A, moves in tho link. When 
in tho pdsition shown tho 
motion of u is transmitted 
to V, and tho only effect of 
P is to make that end of the 
link oscillate. If, however, 
wo depress tho link so that 
A is at tho other end, the 
engine will travel forwards. 

This link is moved by moans 



Fig. 46 . 


of tho lover seen behind the handle for ‘turning on the steam, 
and thus wo can dopross or elevate the link as we please, and 
cut off tho steam at any required port of the stroke. Iibour 
section only one link is shown, but one is of course required few 
each cylinder, and thus there are in uU four eocentrics and ^o 
links. Both links are, however, moved by tho same lever, and 
in the quadrant soon behind it there aro a series of notches, by 
which it may bo looked in any roqtiirod pneition. • 

Tho boiler is fed from a tank situated in tender, and the 
water is supplied by tho pipe seen passing along under the 
boiler and ^-box. Sometimes tho engine is fed by a foroe- 
pnmp, but Qiffard’s injector is now very generally employed- 
la nearly all cases tho boiler is fed with cold water, all the 
waste steam being allowed to escape into the chimney. Oeoa- 
siunally, however, a pegiion is condensed, and tho temperature 
of tho feed-water raised in this way. This plan is adopted iu' 
many engines on the Metropolitan Bailway. 

In a few engines which nm long distances, an axnuigoza6t>^ 
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is made by which a fredli snpply of water can bo taken into 
the tender while the engine is in motion. 

A tong naxcow trough is placed between the rails, and fiilod 
s-ith water to a depth of four or five inohes; a scoop is then 
attached to the under side of the tender; this can bo loweTe<i at 
plcasore; and as it passes along, it dips into the water and 
throws it up into tho tank, tho speed at which the train travels 
being quite snfiicient to raise tho water. 

Under the cylinder is scon a piece of iron which comes 
nearly down to the level of tho rails, and serves to romovo any 
obstacle which may accidentally bo present on tho line. In most 
American locomotives this is replaced by a largo guard of iron 
rods extending a littio way in front of tlio eiigino, an<l known 
as a “ oow-catcher,” and in snowy wuathur tliis is sumotimos 
fitted with a “snow-plough.’’ 

Goods engines are usually mode of a heavier and stronger 
form. Tho driviiig-whocls nro of lc.ss diameter, and two or 
rtomotimes throe pairs are coniioctcd together so as to ineroa.se 
tbo tractive power. Tho greater portion of tho weight is then 
taado to rest on these, so a.s to obtain as much hold on the rails 
as possible. In many foreign engines tho number of tubes is 
very largely increased, and the whole machine is made very 
cumbrous and unsightly, tho lioilcr being in several m.^tancos 
made to overhang the wheels. 

Nearly all lines are now laid of a nidform gauge of 4 feet 8J 
iuelics, that being the width betwoon tliu rails, and this, of course, 
limits the dimensiuns and powers of the engine materially. A 
wider gauge was laid down on some lines, but from the ineon- 
vonienco caused by being unable to run over other companies’ 
linos, and also from tlio greatly increased cost of the lolling 
stock, this broad gauge is now but little used. A few trains 
still run on it along tho Great Western Kuilway, but a third 
line is laid down all along it for narrow-gangc trains, and these 
nro most generally mn. 

On a few linos a much narrower gauge is used : tho best known 
example of this is a short railway in North Wales, running down 
from some quarries at Fostiiiiog to tho soa-ciia‘-t. Tlii.s line is 
about fourlocn milos in length, but its course along the nionii- 
lain side is very circuitous; it Las a gradient of about 1 in 120. 
Tho gauge on this is about three feel; and tho railway thus 
I ensiiucted has been fmiml f.o answer well, and is much mure 
economical both in its first cost, uiid in woilting. 

In some ongines the front iiart, instead of being inountc'd on 
ii single pair of whoola, is supported on n “bogie” or truck 
with two pairs. This is connected with the engine by a stout 
I'in, whieli allows of a eortaiii amount of play, and it is foniid 
that an engine thus mounted can travel along curves with much 
greater case than tho ordinary form. In other engines the 
bearings of some of tho wheels lue, with a similar object, so 
formed as to allow a certoij* amount of lalcnil play, which i-^ 
found very lieuefieial. 

Another important point is to have the wheels carefully 
mounted cfti springs, so as to prevent vibration as much ns 
possible. This causes tho engine to work much more regularly, 
and allows tho wheels to liave a bolter hold on the rails. Coiletl 
«r volute springs and india-rubber blocks aro oftc-n used for tliis 
pur{io8o in addition to the plate-springs shown in tho figure. 

Several of tho wheels aro usually fitted with brake-blocks, 
wliich may be forced upon them by means of a screw; tliose 
very speedily reduce the speed, and bring the engine to a stand. 

It is fqpnd a very economical plan on extensive railways to 
make the engines resemblo one another as much as possible, so 
.tlidt tho various parts may in a groat measure bo intorchangoablo, 
»s otherwise an engine may often bo stamling a long time idle, 
friim ^omo trifling injury. It is often fonnd that a largo amount . 
of capital is thus looked up in engines audcrgoiiig repair. 

We^have now explained all tho main details of tho locomotive; 
in most other points it closely resembles the engines already 
described. Wo must now leave the student to follow oni alone 
tho whole details of any engine ho may moot witli. If after 
having oarofully studied these papers, ho can examine a largo 
engine at work, or, failing this, can, when waiting at a railway 
station, stand by a locomotive and trace out tho various parts 
wo have explained, ho will find that this practical study will fix 
• firmly on his mind what ho has learned, and will clear up any 
points upon which ho may feel at a loss. Careful reading 
followed by personal observation is always tho best plan of 
acquiring a thorough acquaintance with any subject. 


TECHNICAL DRAWING.—XLin. 

DEAWINO FOE BTONEMASONS. 

The subjects of the present lesson are the plan (Fig. 395) and 
tho sectional elevation (Fig. 39C) of a ooi’uice and blocking 
course. 

The cornice is the iirojecting oonrso at the top of a building, 
finished by the blocking course. Cornices nro but ramified 
copings, and are or may bo subjected to the same goiieral laws. 
Caro must bo taken, however, in arranging them, tliat their 
centre of gravity bo not brouglit too far forward in the anxiety 
to project them butliciontly, lost they act Lnjui iuusly on tho wall 



by pressing unequally, and their own seat bo also endangered. 
A blocking eourse is either a very thick siiring projeetiug over, 
or flush wiih, the fiwio of tlic lower part of tho wall, to cover a 
set-ofiT, or it is a range of stono over a crowning coniine, to 
bring the ceiitro of gravity more within tho wall than it would 
otherwise be. In the former ease it is treated exactly as a 
string, oxcppiiiig that if it bo flush below, there will, of oonrs*-, 
not bo any tliroiillrig ; and in the latter it has a liorizontal bod, 
parallel vertioal aides, and a weathered back or iqiper surface. 
With these explanations it is hoped the student will comprehend 
tho drawing, and will be able to execute it satisfactorily. 


I'KOJECTION--SECTIONS OF CTJl.’EM. 

TOere is no branch of projection which is of more importosoe 
to stonomaaons than that which treats of sections, and it is, 
therefore, here proposed to dosoribo and illnstrato a few of the 
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forms wMch aro generated by means of msJung different out* passing through the middle, I, of the line o H, and ontting the 
tings (A the onbe. edge d a in x and c h in r. 

It has already boon shown in the lessons in “ Projection,” Haring now drawn the plan and projeotion of the onbe shown 
that if a cube bo so placed as to rest on one side of its solid in Fig. 399, draw a horizontal line from i, ontting the projeo* 
angles, whilst the base is so raised that one of its diagonals tion (Fig. 399) in i and i'; also draw horizontal lines from x, 
assumos the position of a horizontal line, the diagonal of the ontting Idle progeotion in ee', and from p, ontting the projeotion 
solid whioh ooaneots the front angle of the top with the oppo> in //', 

site angle of the bottom, will also be a horizontal line, as shown Join ee', e'i', and {e,and it will be seen 

at A B (Fig. 397); and that if the cube bo tbon rotated on the this section is a regular hexagon. How draw horizontal linoa 



angle O, the front riew will be a regular hexagon, shown in from tho angles of the plan of Fig. 399, and perpondionlsM from 
Fig. 398. Tho system of projection on the Inolined plane has tho angles of Fig. 397, thus obtaining Fig. 400, the ‘tlaai 
been folly worked out in prerious lessons. the onbe when raised on the solid angle. Then dmw ^ofpen^- 

Haring proceeded thus far, draw the line D c (Fig. 397), and onlars from i, ontting tho plan in i” join a' f" 6' and i", 
let ns endeaTour to find the true form of the section of tho onbe and the lozenge thus formed will be the horizontal septipn on 
which wonld be thus produced. the straight line a b. ^ ' 

UNXAB DBAWINO Bt KEANS OT INSTSITKENTS (OOntinwd). 

Fig. 401 in the next page is the elevation of a window, with^ 
mouldings and oornico a and Fig. 402 is a section of the oornioo 
and traverse on the line A B. 

This example is very simple in its ohezaoter, but will test the 
student’s power in accurate drawing, nnoe all tbe linea of the 


It will be evident that the point s not only represents the 
one angle of tho cube, but that it hides one toyond it, whioh 
becomes visible when the cube is rotated on the angle c, as 
shown at d and «C in the front elevation (Fig. 398). Now, if li 
and d' be joined to c, the true oeotion on n c will be found to 
be an equilateral triaiigle. 

Setnrniug now to Fig. 397, draw tho perpendionlor line 
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diff'.went momberB mant ho truly parallel to each other, and the 
joints at the a^les must be carefully and neatly made. 

In oommonoiuf; this Hubject, draw the central peTpenrllcnlar, 
and Bet off en it the three parte a b, b c, and e d, representing 
the three parte—viz., the orohitraTe, frieze, and oornioe—into 
which an entablature is diridod. 

Next draw the complete rectangle e f g h, and sot off within 
it the width t « and hj corresponding with b a. 

Linea drawn at 46°, to unite the inner and outer lines of the 
jamb with those of the lintel, will aid, not only at the present 
stage, but will be found very eerviocablo in drawing the mould¬ 
ings into which the space a b is subsequently to be divided. 

_<* Ja 



" To draw these separate members, set off the divisions on the 
oantnR perpendicular between o. and h, and draw horizontal 
lines through the points of division. 

Set".off the some points between r, and i and It and j, and 
draw ^Mtpendioulars through them ; these should, if the work 
bo oorreotly done,' meet the horizontals on the lines / I and g k, 
Thp wmioe is now to bo completed by drawing the tmo forms 
of the en^a of the various mouldings of which it is composed. 
Those wilrbo bettor understood on referring to the enlarged 
section (Fig. 402), which it is expected the stndent will, after 
hie previous practice in drawing mouldings, be able to follow 
, witlmt any difficulty. • 

Fig. 403 is a simple design for a Gothic ehimney-pieee. A 
chimney-piece is an ornamental addition to one side of a room, 
BDRonnding, and, with the mantel-shelf snnnounting, the fire¬ 


place. We_ say ornamental addition, because it is not really 
necessary, since the aperture containing the fire could be simply 
walled round, withnui any architectural features to decorate it. 

This being so, the chimney-piece should never bo too large, 
but should be in keeping with the size and general features of 
the room—a consideration often too much neglected. 

Chimneys are of comparatively modem introduction, and 
therefore wo have no precedents in ancient architectnre in order 
to direct our taste in the decoration of this construction, whilst 
on the Continent the heating arrangements differ entirely from 
outs; and thus it has been mainly in England that chimney- 
pieces have become special features in interior architecture, the 
good taste in this deportment having been iiitrndnccd by Inigo 
Junes. Since his time, however, the manufoctnro of mantel¬ 
pieces has become a rognlur branch of the mason’s trade, and, 
owing to the introduction of machinery in working marble, they 
are supplied at a much cheaper rate than formerly. 

The method of drawing this exainplu is preeisoly similar to 
that already shown in the lost plate. A central perpondimlar 
should bo drawn in each pilaster, and the profile of the mould¬ 
ings must bo set off from it. The arch is of the class termed 
*• segmental ”—that is, it is formed of two segments of circles, 
the centres of which are below the springing. 

Fig. 404 is a section throngli the crown of the arch j the 
method of projecting this will bo easily understood from th.o 
example. 


CIVIL ENGINEERING.—X. 

BY E. O. BAIlTHOBOMEW. 0. E., M. 8. E. 

DOCKS (cosfnitHfJ). 

The ncccs.»lty of being able to examine the e.xierior of a ship 
from Iho keol to tlio bulwarks, for the i)ur|)o“e of oloiining, 
]>ainling, or repairing, is self-evident, and although it may bo 
possible under eniergoncies to contrive some methml of excluding 
tlio water for this purjioso from a liuiitisl portion of tlio hull, 
even whilst the vessel is afloat, yot some moans must of neces¬ 
sity bo resorted to for placing the entire ship at times in the 
Minin dry state sbe w'as in previous to launching her. 

'I’lie graving-dock hnpplie.s this mean», and whatever method 
be adopted for obtaining this end may bo regarded ns a graving 
or dry doek. There are two totally distinct methods of removing 
the water from tlio exterior of a ship. The oldest, and the 
most obvious, is to drag the vessel out of tlio water. This plan, 
adopted in very early periods by the Orccks, wlio simply hauled 
their ships upon the sand, and then raised a bank of earth 
around them to exclude all access of tho water, might have 
proved sufficiently available for tho small ships built in earlier 
times; but as tho size and weight of vessels became greater, 
the mechanical contrivances known in thost' days would appn.ar 
to have failed in accomplishing tho result, and the next obvious 
methoil was then resorted to—namely, that of excavating tho 
land, and floating tho ship into tho excavation at high water. 
This plan in its rudest form Is adopted at Hong-Kong; a mere 
excavation being made in tho shore, into which tlio vessel is 
floated at high water, a bank of mud protected by fascino work, 
being hastily raised across the entrance at low water f the 
water which yet remains, or flnifs an entrance by pcrcolatios, 
being kept under by pumping. , , ,. 

We have here, then, tho two methods of dry-dooking a vessel. 
tho first, that of raising the vessel out of the water—the plan 
resorted to in the earliest times, but which failed in the ease of 
largo ships until modern engineering skill has enabled us to 
adopt the saiho method in tho case of tho largest vessels; the 
suoond method of diy-doeking a vessel, and the method tho most 
nsnally rcsnrte<l to, that of floating the ship into an artificial 
excavation at high water, and closing the entrance, when the 
water con be removed either by the fall of ^be *^™!^5** 
slnicos, or by pumping out Of course, where the fall of the fade 
is limited, or, as in the greater part of the Mediterranean, fails 
idtogethor, the entire prooess of removing the water must Do ny 

^ The (mnstrnotion of an excavated graving-dock ^ff®™ essoo- 
tially from that of on ordinary or floating-dook. p»oy may, m 
fact, ho regarded as the direct eonvorso of each other. In 
tho floating-dock the object is to keep tbo water within the 
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exoaTalaon ■, in the dr^-dock evoiy effort moat bo mado to keep 
tho water out of the doclc. 

The fcidoii of a dry-dook aJwayn alope considerably towards 
tbe bottom. The depth to whicli tho excavation is carried 
muet depend upon tho draught of tho vossol intended to enter 
it, and, liLo tho wot-dock, mnet be as groat over tlio ontranoe- 
Hill )u< the nhannol of approach. Timber is somotinios employed 
' for Uniug tho sidos of small graving-docks, but masonry is 
preferable, and tho flour should in all cases bo lined with brick, 
stone, or concrete. To facilitate access to tho dock tho sides 
aro constructed with steps, or “altars," which at the same time 
serve OH convenient rosting-placoH to tho shores or struts which 
■support the vessel, and retain her in a vortiiail position aflor 
tho water is withdrawn. Tho onti-anco is closed either by gates 
or a floating jiontoon. If by gates, they aro mode to open 
outwards, and conversely to tho arrangomont of tho wet-dock, 
the naion of the shutting-posts is outside the straight line lying 
between the heel-posts. After a ship has entered tho dry-dook 
she in brought Into tho contro by hawsers, and as the water is 
withdrawn and she sottlos down ni>ou her keel, a proper system 
of blooks, wedges, and struts must bo arranged in order that 
her vartic^ weight shall bo distributed uniformly over her keel, 
and bw position retained there by horizontal shores. Tho de¬ 
tails of those arrangomouts nood not be considered here, as they 
belong more proimrly to naval architecture. 

'ITie form of a graving-dock is that of an elongated paral¬ 
lelogram with either rounded corners or ourvod extremities. In 
Kig. 18 we show a section of a graving-dock, as scon from 
either extremity, and in Fig. 1 h a pl^. 'ITio same letters refer 
to both figures j a, a representing the broad altar usually 
half-way up; p, v, tho 
floor; c, tho ontroiKio, 
closed either by gates or 
-a caisson. 

At Boston, U.S,, are 
some fine graving-docks 
of the kind we have been 
spoakuig of. They are 
.341 feet long, and SO feet 
broad at the ground- 
level. Tho depth of the 
dock k 30 feet from the 
level of tho water at high tide; but as tho fall of tho tide is only 
13 feel, 17 ft>ot of water must bo removed by pumping. They 
are lined with granile, and their cost was 31150,000 each. The 
hirgu dry-dock at I’ortsmonth has tlio following dimensions:— 



Length of floor 
„ of cujnug . 

Wiilth ut floor . . , 

„ at broad altar 

.. nt oeping 

I>oi)th from coping to floor , 

,. at high-water springs . 


ft ill 
100 0 
126 0 
05 0 
75 0 
»9 0 
33 10 
i!8 4 


The lining is of granite from tho floor to tho level of tho 
broad altar, 18 feet; tho roiiiaindor and the flimr being finished 
with Portland stone, bricks, and ooniToto. 

'Che large dry-dook oreetod for tho United States Qoverninont 
at New York may bo iustautfed a.s otio in which a groat iiniount 
of onginooiing skill was oxhibilcd, owing to the very formidable 
diiUculties which had to bo ovorcoino; its history is therefore 
most instructive. 

The (pound selected for tho position of this dock proved 
to be of an exceedingly treacherous and unsuitable cliaracter. 
The Bupcr&tralam, for a depth of ton foot, is formed chiefly 
of deoompused vegetation, tho growth of centuries, the annual 
decadence of the primeval forests which once covered tho 
eoufa^. Belovv tlu? vegetable mutter lies an almost im])alpable 
ctuioks^d containing a largo protsirtiun of mica. The peculiar 
eharaoteristio of this sand is its firm, unyielding nature whou 
dry, and its almost^ fluid state when saturated with water, in 
wUah condition it is moved by the slightest current of water 
passing over it. Trial borings were made to a depth of 80 feet, 
sod aufortnnately these borings hit upon a mixture of clay with 
sand, and although they failed to show the existtnocvof rook, 
yet the presenoe of the clay led tho engineer to decide upon tiie 
p n si ho n eventually adopted. The disoovery of olay was truly 
a misfortune, inasmuch as it subsequently discovered that 


the clay was confined to a very small portion of tbe area required 
for tho dock, the remainder being nothing but quicksand of the 
nature described. The prosonoo of sand led to tlie necessity oi 
constructing an immense coffer-dam which should entirely sur¬ 
round the future duck, in order to resist the pressure of the 
treacherous soil, and keep back the water which percolated 
through it, since the foundation of the suporstruoture liad to be 
laid 37 feet below mean-tide. Tbe origin^ dam was commenced 
in 1842, and the piloB used in the first instance were of yellow 
pine, 15 inches square, and from 35 to 40 feet long, secured .at 
the top and at tho level of low water by horizontal wailings of 
oak 12 inches square, firmly bolted and tied once in every 10 
foot with iron tie-bolts 2 inches in diameter. A change occurred 
at this period in the superintundiiig engineer, and the now super- 
iutondent deemed it desirable to give up the use of yellow iiino, 
in consequence of the hardness of tho bottom soil splitting and 
shattering the wood under tho blows of the pile-driver. Green 
timber was accordingly employed with success. 

The dam was completed according to tho original plan in 
1846, being 470 feet long, and from 60 to 100 feet wide, with 
wings 175 feet long ond from 15 to 30 foot wide. Tho frame¬ 
work stood well tho removal of |,buut 30,000 cubic yards of soil, 
but when only 6 feet of water had been pumped out, it became 
evident that the dam would yield to the.external pressure. Tho 
result was that nearly the entire length of the north-west wing 
was forced in at tho lop, and very shortly afterwards a pari of 
the front of the dam was forced outwards, breaking some of the 
iron tie-bolts; and as the water continued to bo withdrawn, 
nearly every part of tho dam yielded more or less. This obvious 
weakness in the original construction resulted in tho necessity 

of driving an additional 
row of piles inside the 
former row, and entirely 
round the dam, tho idles 
pOTiotrating to a greater 
depth than tho former 
ones. 'With this ad¬ 
ditional strength, how¬ 
ever, the dam yielded at 
one point, piles settling 
down vertically 3 feet 
which when drawn were 
found to mcasuro from 33 to 37 feet in length. Water had 
evidently penetrated beneath them; consequently fresh piles 
50 feet long wore driven along the faoo of tho dam, whilst 
another row of equal length was driven parallel to these and 
at a distance of 30 feet from them, for a length uf 200 feet 
opposite the portion which had y^eldbd. A month or two 
after this a third breach occurred at the .north-west angle of 
the dam, and was first indicated by a sudden increase in the 
flow of water in one of tho bottom springs, and also by its 
change of character from fresh to salt; the change alternating 
several times within a few minutes; and in less than an hour 
tho volume of this spring had increased to five times its 
former amount, bringing up in its waters immense quantities 
of tho black mud which overlays the quicksands in the liottom 
of the bay. Some of tho piles shortly settled down vertically 
from 5 to 6 feet, and in this instance again the evident cause of 
the breach was tho insufficient length of tho piles. Subsequently 
fresh piles of from 50 to 62 foot long were omployod; yet so 
unstable was tho material upon which the dam rested, that 
althoogli tho piles penetrated it from 15 to 25 foot below the 
foundations of the dock, it still oontinnod at times to yield tcT 
the pressure of water aud soil, and was only suBtained''by the 
closest watebfulncss. 

As the excavation proceeded, aud as oonsoquontly the support 
afforded internally by the soil was withdravrn, it watf found 
necessary to attach chain-cables of iron two inches in diameter 
to the dam, and secure them to mooring blooks on tho shore; 
those cables were, however, frequently broken, no less tlian six 
being fractured in one night upon one occasion. Gradually, as 
tho work progressed, rows of foundation-piling were driven in 
front of the main piles, and at a few feet distant, buttresses of 
earth being left behindithem, and against these strats of timber 
were planted, their heads pressing against the dam. Tho 
masonry on the foundation was hud in seotiona, and btaoss were 
likewise extended from it to the dam. The tbrast upon riiese 
braces was so enormous, tliat on one oooaaion it had tihe effect 





CITIL ENGESIEEEING. 


311 


of moving bodily a. moas of masonry exceeding 250 tons in | 
weight. 

The ooffor-dora was oooipoBed of a number of piles reocliiug a 
total of 3,504, their average length being 30 feet, and having an 
average aeotion of ir> x 15 inches; the entire cost of the dam, 
inolnding repairs to brcachea, being .£51,243 11s. 9d. 

The etecavaiiini for the dock covered on area of 2 acres at 
top, and rather more than 1 aoi'o at bottom, and extended to a 
depth of 42 foot; being 37 feet below mean high-water, and 
required the removal of 112,000 cubic yoi'ds of earth: the semi- 
finid nature of the soil tendering its removal both difficult and 
expensive. The cost of excavation alouc was il20,l(i3 12s. lid. 

Tho obstacles opposed to the progress of the work from the 
number and magnitude of the fresh-water springs found at the 
bottom of tho excavation were immense. They were wholly un¬ 
connected with the tides, as was evidenced by their difference of 
tomporatuie and perfect frcslincas, and proved that their origin 
came from a far liigher le vel, by their pressure. Tho water they 
discharged contained a large proportion of oxcoodingly fine 
sand, there being from 17 to 27 ounces of sand in from 33 to 
38 gallons of water. Tho largcist of tho springs discharged 10 
gallons of water per minute. • The sand was of the same clia- 
ractor as that in which the pdes were driven, and the danger of 
its removal arose from tlie gradual xindermining of tho whole 
coffer-dam. It was utterly impo-osiblo to cbcck tho flow of tho 
wqtor with safety, as its pressure under accumulation was found 
Huffioieut to raise the foundation, however heavily loaded. It 
was therefore necessary to provide for its flow, and at tho same 
time to cheek the escape of tho sand. So great was the 
pressure of the peut-up water that in one case it burst up through 
a bed of ooncroto 2 feet thick; aud this outburst being chocked, 
it in a few days Imrst up through another bed 14 feet distant. 
The ultimate course ado]>tod was as follows:—An area of 1,000 
square foot around tho tronblosomo spring was laid with plank; 
upon this was laid a flour of brick in dry cement, and upon 
that another layer of brick with IConian cement. The space 
was next filled with concrete, and the foundatluiis completed 
overall with tho utmost despatch, vent-holes being left through 
the floor and foundations, lly this means the exit of the spring 
was forced up to a level 10 feet higher, and it was llien found 
40 run free from sand. 

During some severe weather in 1848, two of tho springs were 
closed by freezing, and ns a conaequcuoo foreod up 1,200 foot of 
the foundation, inoluding tho first course of stone, which was 
from 12 to 15 inches thick. None of the springs wore closed 
until the inverts hod been laid and the cement well sot, and 
when closed they exerted an upward press- ure so great as to force 
the water through the joints of the masonry, without, however, 
disturbing tho stone-work. A 25 horse-power engine was kept 
in oonstant work to keep under the in-flow of water, the cost 
alone of temporary droinuge being .£14,142 10s. lOd. 

Tho entire suporstruoture of masonry rests upon bearing julas 
from 25 to 40 feet long, and averaging 14 inches in diameter at 
the head. They consist principally of round spruce. Tho shoot- 
* piles are of yellow-pine plank 5 inches thick, and averaging 15| 
foot long. Tlio oharaotor of tho soil was such that it was deemed 
expedient to drive as many piles as could be forced into the earth, 
and they were for tho most part driven up to the point of absolute 
resistance, and whenever a weight of 2,000 pounds falling 35 feet 
ceased tf> drive a pQo mure than S inches at a single blow, 
another and a larger pile was driven alongside it. £ach pile 
wliile being driven was protected at the head by a hand of iron 
1 inch thick and 3 inches deep, made of tho toughest iron that 
Aould be produced. Tho total number of round piles under the 
fonndatioti is C,530, and of sheet piles 1,744. 'ITie greater 
number of those ]>ilcB were driven by hammers or “ monkeys 
weighing from 2,000 to 4,500 pounds each, falling from 30 to 
40 feet, and the average number of blows given witli the smaller 
hammer was 151, and with tho larger hammer .50; an instruc¬ 
tive fact, showing the advantage resulting from the employment 
of a heavy hammer for pile-driving, since a hammer weighing 
only 2'25 times another hammer, performed fully throe times the 
work. A small portion of tho piles—541—were driven with a 
Nasmyth’s steam pile-driver, but its frequent derangement 
prevented its relative vslne being fairly tested. 

foundation of the dock was laid on the levelled heads of the 
Haring pilsn in the following manner -.—Oonoreto masonry 2 feet 
deep was laid between the bearers and levelled with their heads. 


wluch wore then capped with yellow pine of a soantling 12 Xl4 
inches laid transversely with tho axis of tho dock, and fastened 
to each pUo with troiuulg. Coucreto was again laid between these 
timbers and raised to a level with tliem, and a flooring of 2-iiich 
yellow-pine plank laid upon and spiked to them. Another aud 
a similar course of timber was laid upon this floor, breaking joint 
with tho lower planks and trenailod to them; the intervals were 
again filled with concrete, and another floor of plank laid over 
all. The concrete employed was composed of 1 part of hydraulio 
oemont carefully tested ; 2 parts of coarse, clean sand; 3^ parts 
of broken stone; and 2i parts of beach pebbles; tha cement 
and sand being first mixed into a iiiorUr, then tto broken stone 
added and well mixed, and lastly tho pobhlos. The cost of the 
foundation to tho point indicated was £32,115 fls. lOd. 

The apron of the dock extends for a distance of 45 feet into 
tho channel of tho bay, tlio foundation of tho apron being 
strengthened by additional piles whoso heads were oovored with 
bevel-hewn timber secured by trenails, tho space around and 
between tlio idles being filled with ooiierote to a depth of 2 foet; 
whilst dovetailed stone blocks aro placed between the timber to 
prevent their floating, tlio whole being covered with 3-inch plank. 

In tho foundation said superstructure of this dock 80,000 
tons of stone wore emidoyod. Tho masonry foundations are 
400 foot long and 120 feet brood. The dook is capable of being 
used oiUicr in whole or in part, there being gates placed inter¬ 
mediately between tho extremity and tho entrance at a distance 
of 52 feet from the latter; the entrance itself is closed by a 
caisson. The main chamber is 288 feet long and 30 feet brood 
at the bottom, and 307 feet long and 98 feet broad at the level 
of tho coping; and the entire length available at mean high- 
water is 350 feet. The least width is at the hollow quoins of 
tho gates, where tho dock narrows to 08 feet, and the least depth 
is over the mitre-sill, whore tho water is 20 feet deep at high- 
water. The vortical height of the wail is 36 feet. The flooring 
of the dock is an inverted aroh formed of stone from 4 to 0 foot 
deep, each stone being very large and heavy, tho smallest 
weighing over 3,000 pounds, and many over 16,000 pounds. Tho 
mitro-sills are of granite blocks of immense size, tho key-stono 
before being ent having had an estimated weight of 50 tons; 
after being dressed it weighed 43,300 pounds. 

Tho cost of tho masonry, exclusive of cutting tho stone, was 
£89,515 ISs. 8d., and tho cost of cutting was'£50,009 19e. 8d. 

Tho gates are of iron, and with the maohiuory for working 
them weigh 187 tons 8 cwt. Their entire cost, inolnding 
maobinory, was £13,989 Ss. 4d. They are curved on the interior 
faoo to a radius of 74 feet 9 inchos, which of course corresponds 
with the curve of the mitro-sill, and 70 feet 8 inches on the 
exterior face. They can bo closed in ton minutes by four men 
to each leaf. 

The caisson is on iron vessel 50 foot long at the keel, and 
68 feet 8 inches at the top. Tlic breadth of beam is 10 feet at 
the mid-ship section, and 7 feet at the keel. Tlio keel and 
stems ore built up of plates of J-iuch iron to a combined width 
of 2 fool, and have a projection of 9 inches. The frame is com- 
po.sod of vortioul ribs of iron, 31 on each side, bent to tho form 
of the vessel, and covered with boiler phile stUToned at tho 
contact with tho ribs with angle iron. The thickness of tho 
plates varies, being of ^-iuoli iron attlie bottom, and diminishing 
gradually by J to j-inoh at the top; tha whole being sooured to 
tho ribs by rivets. Tho interior horizontal layers or dcoks are 
supported by hollow cast-iron columns, 6 inches in diameter 
and 4 inches boro, through wliich are passed 3 inch wrought-iroii 
rods, secured to the keel-plate and main-dock by keys. The 
weight of the caisson is 217 tons 9 cwt. 73 pounds, and carries 
a weight of 105 tons 11 cwt. 63 pounds as ballast. Its cost 
was £18,544 15s. 4d. Tlio pumps for removing tho water from 
'the dock are capable of emptying it in 2i hours, its capacity 
being 610,000 cubic feot. Tho steam-cylinder actuating tho 
pumps is .'>0 inches diamotor, and 12 feot stroke. Tlioroarotwo 
pomps, each barrel being 63 inches diameter, and 8 fwt stroke. 

”1110 removal of tho coffer-dam after the constraction of the 
dock was completed was a work of considerable difficulty. The 
first pile drawn from the outer row required a force of 630 tons 
to start it out of the earth. No application of chain-cables and 
levorsf wore of any use, but tboy were finally extracted by a 
“ Dick's Anti friction Proas ” worked by four men. 

Tho dock oecopied from first to last a period of ton years in 
I construction, and has involvq^ of £449,357. 
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PEINCIPLES OF DESIGN.—XX. 

BT CHBIBTOFHKB DBISSSKB, PB.S., F.Ii.8., BTC. 

CABPET8, AND WOVEN PABEIC8 GENERALLY. 
Beforb wo loBTO the cosnideration of oarpota we will atate in 
miomatio form the conditions which govern the application of 
ornament to them, aa reference can more easily he made to short 
oondao aontencea than to more extended remarks. 

Ist. Carpet patterns may with advantage have a geometrical 
formation, for this gives to the mind an idea of order or 
arrangement. 

2nd. When the pattern has not a geometrical basis, a general 
evenness of surface should be preserved. 

3rd. Carpets are better not formed into “ panels,” as though 
they were works of wood 
or stone, bat shonld 
have a general “ all 
over ” offoot, without 
any great aooentuation 
of particular parts. Ibe 
Indian and Persian car¬ 
pets meet this require¬ 
ment. 

4th. While a carpet 
should present a general 
appearance of ovonnoss, 
ports may yet be slightly 
“pronounced” or em¬ 
phasised, HO as to givo 
to the mind the idea of 
centres from which the 
pattern radiates. 

5th. A oorpot should, 
in some rospuets, re¬ 
semble a bank richly 
covered with flowers; 
thus, when seen from a 
distance the elToct 
should be that of a gono- 
ral “ bloom ” of colour. 

Wlion viowed from a 
nearer point it shonld 
present ourtain features 
of somewhat spoiual in¬ 
terest ; and when looked 
at closely new beaulius 
shonld make tboii ap- 
pcaronci). 

(Sth. As a floor is a fiat 
surface, no ornamental 
covering planed on it 
should make it appear 
otherwise. 

7th. A carpet, having 
to serve as a baokground 
to furniture, should bo 
of a somewhat neutral 
character. • 

8 th.*Every carpet, 
however small, shonld 
have a border, which is as 
picture. 

Having thus summarised the principlos that govern the appli- 
eation^ of ornament to carpets, we may proc^ to notice the 
oonditions governing the decoration of other woven fabrics. 

The_ first thing to bo considered is the nature of the cloth 
on which the pattern is to be worked—whether it is of open 
or dose textnre. Fabrics of on open obarooter shonld boor 
upon them a larger pattern than those which ore thicker or 
closer. The openness or dospnoss of the fabric will thus de¬ 
termine, to an extent, the nature of the ornament which is to 
be placed upon it. Muslins, being open in ohacaoter, shonld 
have la^er patterns than calicoes, which are oloser in texture, or 
the xMittem will be indistinct in the one ease or ooarse in the 
other. 

But not only does texture influence the pattern when oonsi- 
lered as to ooeneness or fineness, but also the nntnre of the 
okith os regards material. Thns silk will bear greater fulness 


of oolonr than muslins or calico-prints, owing to the fact that 
the lustre of the material, by reflecting light to the eye of the 
observer, destroys a certain portion of the intensity of the effect 
of colour which a less reflective material would exhibit. Silk, 
as a material, also conveys to the mind an idea of oostliness or 
worth, and wherever the material does so the pattern may be 
richer in colour than it should be in cheaper and oommoner 
fabrics. If a pattern is in two tints of the same odour only, as 
in the ease of those woven silks where the pattern is formed by 
the contrast of “ tabby” and satin, it may be oonsiderab^ 
larger than in those cases where it is render^ oonspiouena by 
colours. 

This latter remark will apply also to damask table Unen, and 
to all similar materials, as well as to dress fabrics, and draperies 

such as window hang¬ 
ings; bat of those we 
slmll say a word shortly. 

The olosonosB or open¬ 
ness of a fabric should, 
then, be eonsidorod when 
we design patterns for' 
their onrichmont, and so 
should the nature of the 
material, as this will in¬ 
fluence its deadnoas or 
lustre. But there are 
also other oonsideratkins 
which must not be lost 
sight of. If the pattern 
is to be wrought by 
printing, then one class 
of conditions must bo 
complied with; if by 
weaving, then another 
class of requirements 
call for consideration. 

The requirements of 
manufacture are much 
more uumernus than 
might be sapposed, and 
are in some cases very 
restrictive. The size of 
the repeat, the manner 
in which oolonr can bo 
applied, the character of 
surface attainable, and 
many other considota- 
tions have to be care- 
fnlly oomplied with be¬ 
fore a pattern oon appear 
as a manufactured 
artiole. 

The chief fault of 
patterns, as applied to 
fabrics generally, is theuv 
want of simplicity, want 
of simple stmotnre, want 
of simple treatment, 
want of simpliciiy of 
effect; and tocher with 
this we generally find largeness and coarseaesB of part£. 

These errors arise largely oat of a want of oonBideration>of 
the capabilities of the material. 'Wlrn.t can be done with this 
or that particular fabric, is a question that we shonld oarefnllf 
ask ourselves before wo think of preparing a design. Have we 
colour at onr disposal, or texture merely P and if oolonr, can it 
be employed freely or only sparingly P and can any colonies be 
placed in juxtaposition or only certain tints P These ore ques¬ 
tions of great importance, and thqy should be asked and oare- 
fully oonsidored before the first step is token towards the forma¬ 
tion of a pattern. Having aseertained what can be done with 
the materi^ at eommand, let ns ever remember tliat we should 
always endeavour to so employ the eapabilities of a material os 
to conceal its weakness afd emphasise its more desirable eflaote. 
If this bunsideration were always givsn by designers to the 
wer whidh the material has of yiaMing efhota, w« riwuld see, 
very many instanoes, offeots strangely different firom those 
whioh we often enoountv; and this remark applies to no olsss 


I 
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PEINOIPLES 

of fabrics more fully than to damask table-linen and coloured 

damask window-han^tigs. 

Ko satisfactory effect can be got in light and shade upon any 
woTsn or printed fabrio; besides, to attempt such a modo of 
treatment is absnrd. Light and shade belong only to pictorial 
art. The omamontist when enriohing a fabrio deals only with 
a Borface, and has no thought of placing pictures thereon ; he 
has simply to enrich or beautify a surface which without his 
art would be plain and nnomamental. A picture will never 
bear repetition. Who ever heard of a man having two copies of 
one picture in a room F Tet how 'much more absnrd is it to 
repeat a little picture—perhaps a piotoriaUy rendered flower—a 
hundred times over one surface! Besides this, a surface must 
always be treated, for decorative pbrposes, as a surface, and not 
in a manner oalonlated to deceive by giving apparent relief, or 
thickness, to that which is essei tiaUy without tbiokness. Take 
a oommon damask table-cover. This is by custom always white, 
although it would be better if of a deep oream colour, or buff ; 
and tho pattern which it hears results from a change of surface 
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false is preferred to the true, if the true is not procurablo with 
the means at oommand. 

While I cannot withhold praise from this little spot, it must 
not be thought that I thereby give to it a >igh place as an art 
work. Little is here attempted, and that little is done weii. 
Bnt let ns analyse this pattern. First, the spots are of r.io 
tint throughont, if I may thus express myself—a tint. sbaJ we 
say, which is tho reverse of that of tho ground. It is "iot riioded 
so that it may appear as a ball nr n'lobe, and Is not graduated 
in “ colour ” in any way (were it graduated or shad^, feeble¬ 
ness of effect must inevitably accrue), but is a simple, honest 
si)ot, treated as a surface ornament. Second. This spot is geo¬ 
metrically arranged, or, in other words, has an orderly arrange¬ 
ment. 

If an attempt is made at rendering a pictorial, or light-and- 
sbado effect in damask, an absurd failure'can alone result, for 
depth of shade is not obtainable in tho material; and, V>csidcs 
this, what appears as shade, when the doth is seen from one 
point of view, appears as light if seen from another point of 



Fig. 7(1. 


only (why a margin of “ ingrain ” colour is not added, I could 
* never sec); yet in nine cases out of ten the pattern which is pre¬ 
sented by snoh a fabrio is a miserable shaded attempt at a pic¬ 
torial treatment, and is also a tliorongh failure. 

Simplicity of pattern naturally accords with a simple mode rf 
prodnotion, and tho means of producing pattern xn damasks is 
ooirtainlji most simple. Tat that there is a natural harmony 
between simplicity of pattern and simple means of protlnoing an 
art effect is obvious, for of all patterns that I have over teen upon 
ilftTTiyiV table-linen the simple spot, or dot, is the most satis- 
faotoiy. If, oombined with this spo^ we have a border formed 
of a simple Gheek “ key-pattern,” or of mere lines (a very usual 
border to gxxid oloths), tto effect is perfectly sa^fying, and, as 
far as it goes, is highly to be commended. 

It is curious that this spot is caily sold in tho bettor quality 
of table-linen (at least so thqy tell mo in tho City), and this 
Mxows iliat the wealthy, or, fax other words, the edu^ted, buy 
snob patterns, as they prefer the tnxe to the meretzicioas, while 
the false and showy devices which we see on the ooxixmon olothe 
pleaee only the oonxmon pe<q>le of vulgar taste. I am not sun, 
however, that ixiany persons, whose axeans are linxited, would 
not bxiy spots sad other simple, bnt conreotly treated, patterns, 
if such were to be got in oommon quaJities of danxask; but when 
the poolut must govern the purchase, it is hard to say that the 


view. Nothing conld bo more absnrd, tbos, than seeking to 
produce shaded effects with such means as ore here at onr dii'- 
posol. Bnt were the fabric capable of rendering snoh effects, 
it would still bo wrong to employ thein, as we deal only with tho 
surface, and are seeking to entjance tho value of, or beautify, a 
fabric, and not to cover it with pictures. In out simple spot- 
pattern we have those elements whicli may bo expended into tho 
riohost and most artistic damask patterns. Wo cave orAist —as 
indicated by tho geometrical plan of the patierr—^and an honest 
and simple expression, or application, of die capabilities of tho 
material. 

All table-covers should certainly have a border. Any object 
which is to be used as a whole looks unsatisfactory if it appears 
as thongh it were a part of a whole. If a cloth is without border 
it is impossible to avoid the impression that it is a part of a 
larger cloth, and in every respect tho general effect is decidedly 
nnsatisfactory. . , * v_i 

I introduce into this ortiole two illustrations of woven fobrios. 
The first is that of Austrian cloth of gold (Fig. 69), the second 
of TTi.liii.li embroidery on cotton (Fhg. 70), but of those I shad 
speak in my next paper on this subject. I insert them in this 
artiofe with the view of leaving room in my nert chapter for 
some additional illustrations of wovon fabrics whioh will aid ns 
in oixr studies. 
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BIOGRAPHICAL SKETCHES OF EMINENT 
INVENTORS AND MANUFACTURERS. 

Xvni.-JAMES FEBGUSON, P.E.S. 

BY JAUKS aBANT. 

.Iahkh Fsboukon, an eminent and self-tanglit mechaniet and 
philoMophor, inTentor of the aatronomioal rotula, of a uni- 
vorsal dialling cylinder, etc;, was born in 1710, in the little 
Tillage of Keith, in Banffshire, in the north of Sootland. His 
parents wore very poor, but very religious and honest: as he 
states himself, “ they lived in good re]mte with all who know 
thorn, and died with good charoutcrs.” His father was a mere 
cottar, and supported a large family by his daily labour, and I 
the profits that aros^ from a few acres of laud which he rented. 
Thns he could afford to bestow but little upon the odnoation of 
his children, yet they were not neglected, for in his loisnro 
hours he taught them all to write ond reivd, and it was while 
he was teaching his eldest boy the Scottish catechism that 
James, the younger, learned to read ; after he could do so per- | 
fectly, his fafdier sent him to the grammar-school at Keith for 
throe months, and that was all the education he ever received 
at a seminary. 

His taste for meohanios arose from a very simple oooidcut. 
When eight years of ago, a pait of tlio thatched cottage in 
which the family dwelt being decayed, hia father frugally set 
about repairing it with his own hands. To Ids great astonish¬ 
ment, the child saw him lift up the whole roof as if it had been 
a small weight; and this ho attributod to a degree of strength 
whioh oxoited hia terror as well us wonder; but a little obser¬ 
vation soon onablod him to perceive that his father applied bis 
hands, not to the roof itself, but to the ond of a lover. Little 
James therefore prooooded to amnso himself by making levers 
-bars he called t^m—and, by applying them in different ways, 
he disoovorod that the power gained by the bar was just in pro- 
fvortion to the lengths of the different ports of the bar on each 
side of the prop. 

Thinking it a pity that by moans of this bar a weight could 
bo raised but a very little way, he imagined that tiy palling 
round a wheel the weight might be raised to any hoight, by 
tying to it a rope, and wiudiug the lattor rui.nl the axle, and 
that tlie power gained thus must Im exactly as great as the 
wheel was broader than tho axle was thick. He found it to bo 
just so, by hanging one weight to a rope put round tho whool, 
and another to the rope tlmt was coiled round the axle; so 
that iu those two nuuihinos it apiicarod very plain that their 
advantago was aa great as tho spat^e gone through by tho work¬ 
ing power exceeded tho space gone through by tho weight. By 
means of a toniing-lathe which his father possessed, and pen¬ 
knife, he oontrivod to make wheels and other things nocessoiy 
for his maohinos, or models, illnstrativo of this jmwer. 

Imivgiuing that it was the first idea of tho kind that had over 
boon formed, the boy wrote a short account of hia invention, 
and made diagrams of it with 3 ien and ink; but on showing 
them to some one, he was informed, to his mortification, that 
such applianoes wore well known already, and his friotnl gave 
him a work on engineerii^g, in which they were fully treated of 
and described. As his father could no longer afford to main¬ 
tain him in what aeomed idle puVauits, and the boy was too weak 
and young for bard work, he became wluit is tormoil “ a herd 
laddie," and was hired by a neighbouring former to keep hia 
sheep. In this humble occnviation bis earlier years were pasgod, 
and amid the imatoml solitude of tho Banffshire glens, and by 
tho shore of tte Moray Firth, ho learned to study the stars 
when lying amid liis sheep by night; and all day long ho 
amused himself by making models of mills, and spinning-wheels, 
and other mechanical contrivances, oven to oonstruoting for his 
own use a celestial globe. 

His employer having observoil that often in tho evenings, 
whan form work was over, he went out into the fields, and, with a 
blanket or phud about him, lay down on his bock, and stretched a 
string with small beads upon it at full arm's length between his 
eyes and the stars, sliding the beads to and fro till they hid 
uortaitt stars, laughed at him as being guilty of folly. But 
when the shepherd explained that he did so in order to«take 
their apparent distonoss from each other, and that then, by lay¬ 
ing the thread upon paper, he marked the position of the stars 
thereon by the besda, the famer, who was a kind and indulgent 


man, eneonragod him to go on, and actually did Ferguson’s out- 
door work at times, that ho might in the day-time make fair 
copies of what he had done in tho night. The Bev. John 
Gilchrist, minister of Keith, who had known him from childhood, 
on seeing what Ferguson called hia “star-papers,” kindly 8\ip- 
plied him with some maps, ink and paxmr, a pair of oompasses, 
and a ruler; but as copying the maps required more time than 
he could reasonably expect from bis master, the latter. Says 
Ferguson, in the prefaoo to his “ Select Meohoniool Exercises," 
“often took the threshing-flail out of my hands and worked 
himself, while I sat by him in the bam, busy with my compasses, 
ruler, and pen." Having completed tho copy of a particular 
^ mat), ho called at tho manse, and while ha was showing it to 
tho minister, Thomas Grout, the Laird of Aohoynanny, ohoiiccd 
to come in. Tho olergyman introduced the lad to him ; and 
he was so pleased wi^ his apparent genius that he offered 
Ferguson a room in his house, adding that if he came to live 
there tho butler, another self-taught man, could give him a 
deal of instruction. This was too good an offer not to bo oc- 
oci>tad. Ho wont to reside in tho house at Achoynanoy, and by 
tho butler, whoso name was Alexander Cimtlpy, he was taught 
dooimal arithmetic, algebra, and the elements of geometry. Hor 
wore these tho only ])arts of tho butli.-’s education, for it 
seems that ho was a perfect mathematician, master of every 
I musical instrument except the harp ; that ho knew Latin, Greek, 
French, and even some of the elements of surgery. On tho 
butler obtaining a situation in the Earl of hifo's family, Fer¬ 
guson doolined to remain longer in Mr. Grant's house; ho 
returned homo, and procoedod to make for himself a globe, with 
a meridian ring and horizon ; but all this skill and knowledge 
would not as yot give him bread, so he took sorvioo with a miller, 
with whom ho remained a year, and was so starved for want of 
'(ictaals, his master being a drunkard, that ho was too often 
glad to get a little oatmeal mixed with cold water for food ; so 
he returned once more, in a very weak state, to his father’s 
thatched cottage. 

There he constructed for hia owu use a watch, with wooden 
wheels and a whalebone spring, and this he enclosed in a wooden 
case, tho size of a breakfast cup; but a clumsy neighbour to 
whom ho was showing it lot it fall on tho clay floor, and it was 
broken to pieces. This discouraged him so mneb that he never 
attem]>ted to make another; bnt his extraordinary ingenuity 
having now proonred him tho notioo of Sir James Dunbar, of 
Bum, and several other oonnty gentlemen, they endeavoured 
to assist him by their oountonanoo and advice. He was em¬ 
ployed to clean their clooks; and having learned drawing, ho 
now began to take miniatures in Indian ink and make patterns 
for ladies' needlework, and the payments he reooivod for thoso 
services enabled him to supply the wants of hia father, who was 
now too frail to labour, and dosconding into the vale of years. 

The gate jullars of Dum House wore surmounted by two 
largo globular stones ; and on these he painted in oil-colours a 
terrestrial and celestial globe. “Tho poles of these painted 
globes stood towards tho poles of the heavens; on eooh the 
twenty-four hours wore placed around the equinoctial, so as to 
show the time of tho day when the sun shone out by the 
boundary whore tho half of the globe at the time enlightened 
by tho sun was 3 )artod from the other half in shade; the en¬ 
lightened parts of the terrestrial globe answering to tiie like 
enlightened i)artB of the earth at all times. So that, whenever 
tho snn shone on the globe, one might see to what places the 
sun was then rising, to what places it was setting, and all th6 
places where it was then day or night, thronghout the earth/* 

Half his nights were spent in gazing at the stars, and taking* 
the places of tho planets by his string and beads. By observing 
what constellations the ecliptic passed through in his map, %nd 
comparing those with the starry heavens, ho beoamo, in his 
enthusiasm, so impressed at times that he imagined he saw tho 
eoliptio in the blue dome above, “ like a broad oiroular road for 
the bub’s apparent ernrse; and fancied the paths of the planets 
to resemble tho narrow ruts made by oart-wheels, sometimes on 
one side of a plain road and sometimes on the other, orossing the 
road at small angles, but never going fmr from either side of it." 

Having married in Ma^, 1739, and having, during a two 
years’ residence in Edinburgh, stiidied anatomy, surgery, and 
physio with great intensity, he returned to hk native vill^ of 
Keith, witli a stock of meduHnee and plaklen, ete., andandea- 
-vonxed to establish himself as a doctor; but, to hia mortifloatian, 
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he fcmod tiiat all hia medical theories were of little use in*! American Philosophical Society; and fire years afterwards ho 


pTaotico. Thus he soon relinquished the attempt; and after on- 
dcayonring to make a livelihood by “ picture-drawing” at Inver 
ness for eight months, ho begun to tiiiuk of astronomy again, ! 
and contrived and finished a scheme on paper for showing the ‘ 
motions and places of the sun and moon in the ecliptic on ouch { 
day of the year perfietually, and, consequontly, the days of all 
the new and full moons. 

To this ho wished to add a method for showing the eclipses 
of the Bun and moon. By 1740 his astronomic^ rotula was 
complete: and having got the plates engraved, ho pabJished it, 
and this ingenious and brilliant invontiou sold very well iiiitil 
1752, when a change in the style roudorod it comparatively useless. 

In Edinburgh ho was befriendod by Culiu Haclaurin, professor 
of mathomatioB in the University. One day ho requested tlio 
latter to show him his orrery, and was greatly delighted with 
the motions of the earth and moon in it. After long thought and 
calculation, Ferguson found that he could contrive the wheel- 
work requisite for turning the planets in such a maebino, and 
giving them their progressive motions; but felt that ho should 
be very well satisfied if ho could nonstruot for himself an 
orrery to show the motions of the earth and moon, and those of 
the sun round its axis. This machine be partly constructed 
with his own hands, and partly with the aid of a turner: and 
when in action it showed completely the sun’s motion round its 
axis; the dianial«nd annual motions of the earth on its inclined 
axis, which kept its parallelism in its whole course i-onnd the 
sun ; the motions and phases of the moon, with tlio reti-ograde 
motion of the nodes of her orbit; and, consequently, all the 
variety of seasons, the different lengths of days and nights, the 
new and full moons, and eclipses. 

After making a smaller and neater one, with all the wheels of 
ivory, in May, 1743, ho took it to Tiondon, whore it was bought 
by Sir Dudley Wyder. Still, he could neither live nor support 
his wife and three chil<lren hy the construction of orreiies, 
though he made six, each of which was always more porfoet 
than its predocesBor; and had to resort once more to taking 
miiuatures, hhs chief iiatnm being a Mr. Stephen Poynt*, who 
resided near St. James’s Palaeo. But aslrqjiomy was ever upper¬ 
most in his thoughts; and after oonstruoting a very simple 
machine for dosoribing tlio paths of the earth and moon in the 
firmament, ho showed it to Mr. Martin Polkos, then President 
of the Royal Society, who expressed his admiration for the con- 
trivanoG, and that same evening presented it and Ferguson at 
a meeting of the sooioty, and thus won him many now friends. 

In 1747 be published a disaoriation on the phenomena of the 
harvest-moon, with tho description of a now orro^, in which 
there wore only four wheels; but never having h^ a finished 
oduoation, nor time to study the rules of oompoaition, ho put it 
to press with extreme df»nbt and diffidence. On finding, how¬ 
ever, that tho work was well received, ho was oncournged to 
proceed, and Biiceossivoly issued his ** Astronomy, Mechauiea, 
Lectures,” “ Tables and Tracts relative to Several Arts and 
Soionoes,” tho “Young Gentleman nnd Lady’s Astronomy,” 
and a treatise on “ Electrioity.” 

The year 1748 found him publicly lecturing on these subjects 
in London, with great sucooss, and also on hydrostatics, hydrau¬ 
lics, pneumatics, and his universal dialling cylinder. 

When he had been thirty years in London, he was introduced 
to the notice of George in., who, when Prince of Wales, hud 
attend^ his earlier lectures, and who bestowed upon him a 
bension of <650 per annum; thus by his talents and industry 
rising from tho humblest ranks of tho peasantry to become tho 
• preboptor of a king. 

In 1754 he bronghl out a brief description of the solar 
system; but his greatest work is his “ Astronomy, oxplamcd 
upon Sir Isaac Newton’s Principles, and made easy to those 
who have not studied Mathomatios.” His delineation of the 
complex lino of tho moon’s motion procured him m J 763 the 
honour of being elooted a member of tho Royal Sooioty of 
London, witiiout the payment of the usual fees. 

^e'first edition of bis “ Dissertation on the Harvest Moon 
appeared as early os 1747. His “ EaJly Introduction to As^ 
nomy ” passed rapidly through oighiBoditions in G^^y, after 
it* fipst appeawitioo tiiore in 1771; and Madame m um 

proffice to the “ TBales of the Castle,” remarks that it is it work 
•o pM«qiiaBi>ii8. .tliat a olild only ten yoata of age my uidei^ 
it imnpiately. la 17791>e obumi a menbei of u» 


published “ Two Letters to the Boveroad John Eennody, con¬ 
taining an account of many mistakes in tho astronomical pari 
of his boriptural Chronology, and bis abusive treatment of 
astronomical authors.” 

Those were folloaod by a third letter on the same subjoet. 
Some of his writiiigs were translated into French by P. R. 
Loveuquo, and they attracted considerable attention among the 
learned bodies of Paris. Tlie obscurity of his early life, togetlier 
with the humble situation and indigent ciroumstanoea of his 
father having required that lie should—as we have related— 
engage in the capacity of a shephui-d and farm-servant, was tho 
eiiuse of a curiuim niiseouoeption in France, whore the ostro- 
nomor Lalande in his wi-itings speaks of him, in the first volume 
of his “Astrouomio” (page 163), as the ” berger dn Hoi 
d’Anglotcrre eu £cosso ” (the Shepherd to the King of England 
for Scotland). 

By his lectures, his various works, and his frugality, Ferguson 
amassed a considerable sum; and, ultimately, was euabled to 
live with ease and comfort in Loudon. Tho best and’ most 
useful work he over wrote—vis., his “ Lectures on Select Sub- 
joeta in Mechanics, Hyilrostatics, etc.”—passed through many 
editions, and has contributed much to the diffusion of mooham- 
oal Knowledge among oil olasso-s of people. A new edition of it, 
in two vols. 8vo, wilh on appendix, contidning an account of all 
the more rooent inventions and discovoitos, wa.s published by 
tho late Sir David Brewsti'r in 1805, and another edition was 
required in the following year. 

His “ Selcet Moohnnioal I'lxereiscs” appeared in 1773 ; “The 
Art of Drawing in Perspective” in 1775 ; and ho communicated 
many papers to tho Royal Society, which were published in 
their “ Transactions.” Though thus successful in bis scientific 
career, ho was not without aftliotlons in his latter years. His 
daughter, a girl of great beauty, was unhappily lf>st to him in 
her eiglileonth year; his eldest son, Murdoch F'eriruson, became 
a surgeon, wont to son, and, by a shipwreok, lost all ho possessed. 
His second son studied physic at tho Marischal College of 
Aberdeen, but nothing more is known of him. 

After a long and useful life, this singular man, whose career 
began as a poor shepherd bt>y among the Banffshire hills, and 
“ who might bo called an onthusiust in his love of God, if roU- 
giun founded on sneh substantial and enlightened grounds as 
his wa.s could be like enthusiasm,” died at London, on tho lOtli 
of November, 1776, quite worn out by -study, ago and infirmity. 


OBJECT DBA WING.—VIII. 

The outline of th<- group (Fig. 44, page 288) having been thus 
comiiletcd, wo proceed with the shading, and it will be seen that 
in tho example tho light is placed on the loft aid© and higher 
than tho pyramid; it will theroforo bo evident that tho brightest 
light will bo on tho loft sido of tho most prominent angle of 
tho pyramid, and then on the left side of tlio prominent edge of 
tho oblong block and of tho cube. Tho right-hand side of the 
whole fproup will, of course, He tslmtied. The margin of the 
Hatse of tho pyramid, too, will bo in H]pde, hut its tone will be 
rather darker than that of tho sides , whilst tho shadowsoast oo 
tho obloMg block by tho pr<»SecWug pyramid, and the cast 
shadows on tho ground and on the upper surface of tho cube, 
will be tlio darkest of all. , , ^ . 

It must be remomlmred that tho most brilliant lights and 
dooposl shadows arc th.iso nearest tho eye, and tliat both of 
these diminish in intensity as their distance from us is iii- 
croasod. lu shading, theroforo, we must follow this natural 
oflroct. Tims, in tho present group, tho brightest light follows 
tho most prominent angle. Tho surfaces, however do not 
remain oipially bright over their whole breadth, but the light 
gradually tones down as tho surface recodes. Himilarly, the 
shade on tho right sido is darkest where the surface is the most 
prominent, and tho depth of colour is softened down os tho 

distance incrouaes. ' 

This i.s sometimes called aerial pvrsixctu'e, or tho perspective 
appearance caused by the edr, for the further an object or 
surface is removed from the oye, tho groator will m the mass of 
atmosphoro intervening, and thus a sort of medium is formed 
through which tho object is seen OMtaiOTly. 

according to the deaBenesa of the air. Tina, in n otoar day, 
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diataat objeota awpoav nuoh nearei' than they do when the 
atmoephere Is hazy; and tliis aoaounts for the Bharpneaa of 
oatl'ne Mi apparent flatneae of objects soon in oountries notod 

for. iiio oleaxnoss of the air. , , 

Not only, however, is it found that the lights and shades 
diminish in intensity as they recede from the eye, but, as a i 
nooessary consotiuence, the contrast between surfaces becomes ! 
also less pronounced, and their outlinos less distinct, the more j 
the distance is increased. Therefore outlines ^ P 

themselves should vary in the thickness of -^T 

the lines, and should become fiwnter and liner 
as they recode. _ / ''v. ^ 

Fig. 45 represents an octagonal prism. / \ o 

Before entering on this study it is necessary * % 

to preface it by an elementary geometrical \ 

ooiistruction, in order to show the reason for n 

tlio disposition of the linos. / 

Lot ABOBBirGH (Pig. 46) bo an octagon / 

of which a perspootivo view is required. --- 

Now, 08 in the case of circles, it is nocos- v. 
sary that polygons should bo enclosed in reo- 
tongnlar figures, and the one which will bed / n. 

contain an octagon is the square formed by - 

producing four of its sides—viz., 

1 J K li. j 

Draw the diogonala i K ond , , ■■ ■■■ 

L J, also the linos a K, n f,, o i>, 

u o, cutting the diagonals in m, ■ _' __ 

Put the square i J k l. into por- * i j || a 
spectivo, and draw the diagonals. | I ||,- 

Set off spaces I a, i b, as shown | | jil 

in the annexed figure (Fig. 45), ||l 

corresponding to those lettered 
I, A and I B. From a and b li 

draw Hues to the point of sight, ll' 

catting the diagonals in m, n, 1 ^:. 

o, P- i 

Tlirongh to, n, o, p draw hori- j If 

zontal lines which will cut the i i!'. 

sides i j and k I in c, d, g, h. \ 

The points a, b, c, d, c, /, g, h ■ I iV 

are the angles of the octagon j I I ill 

pepspootivoly rondored a.s lying j j 'p 

on the ground-plane with two of j I i|i 

its sides parallel, and two at right ■ j',- Fig. *<>, 

angles to the picture. ! Iji; 

Proceeding now with Fig. 45, j!;;. 

it will be evident that, if a plane i i|: 

octagon is contained in a square, ; | ji;! ; 

an octagonal priem toiU be ron- I 11 
tained in a solid oblottg (colled | 11 !'|'v 

geometrically a paraMelopipcd). ! H 

In commencing, therefore, to | |||| I 

draw the object, sketch this | |||| 

oblong, as shown by the dotted ; |H i Ij. 

linos which are retained* to act j Iw 

08 guiaoR, but which may bg j Mil 

rubbed out in the drawing when j 'III iili. ■ 

the required figure has been cor- | |j|| jj;:' . 

reotly delineated. ^ i|^. 

In the present gronp it will I ITS ' 
be evident that the eye of the | I'i 

spectator is on the right-haud i / 

mde of the objects, and on a __ 

higher level. 

The student is ndvisol not to place his models exactly like 
those in the example, but to adopt the prinoiplos hud down, 
instead of copying the drawing. Assuming, however, that he 
has the exact models, his view will vary acoording as his eye 
is above or bdow, on the left or right of the gronp; and in 
determining, therefore, the position of the point ^ sight he will 
be guided by the instructions already given. Having, thou. 
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From the angles of this figure perpendionlars are to be drawn 
which will out the base in corresponding points, and these 
being joined, the view of the octagonal prism will be com¬ 
pleted. 

The shading of this object in its present position will be 
found extremely simple, the principles having already been 
explained. In accordance with these, sinoe the light is sup¬ 
posed to fall on the front and left side of the prism, they will 
£ bo fully illumined. The darkest shade will 

-~] •* be on the right side, which, being a part of 

the square block in which the octagonal prism 
is contained, is at 90° to the pictnre-plano; 
whilst the side between tliis and the front being 
7 D at only 45°, will be of a lighter tint. 

/ The objects represented in the next figures 

/ will possess some interest fur carpenters and 

\ joiners, since they show the method of drawing 

pieces of wood which are to be “halved” 

_' _ Jg together; a process which has been do- 

“ \ / Hciibcd in lessons in “ Building Construction.” 

j)/ Fig.s. 47 and 48 show the pieces separately. 

/ (hit of tho upper ,jiide of the one and the lower 

- ji- -I side of tho other pieces are out, tho recess being 

^ in each case os wide as tho wood 

to bo sunk into it, and half as 

I I deep; and thus, when the pieces 

are brought together, the thick¬ 
ness at A fills up the depth of 
n, and the surface c becomes 
flush with T>; a square mortise 
is cut through both pieces, for 
a purpose to be subsequently 
explained. 

In drawing those pieces, no 
iiotico is, ui tho first instance, to 
be taken of the recesses, but tlio 
p oocB of wood are to be drawn 
as if complete. The square end 
of the lower piece is to be drawn 
first, and from this the long 
edges converge to the point of 
sight, in the manner already ex- 

On one side of tlie squaio mark 
E, the depth of tlie recess, and 
from B draw a line to the point 
of sight. Then, having marked 
F and a, draw horizontal lines 
across the upper surface, and 
from tho extremity of each draw 
the veriaoal lines, os at b, as far 
as the line e. llie rest will be 
easily understood from the Ulus* 

In Fig. 48, which is parallel ■ 
to the plane of the picture, the 
front is, of oonrse, to be drawn 
first, of its true proportions, 
but slightly diminiihed, in oon- 
soqnonoo of being pla^ at a 
short distance ba^ in the pic¬ 
ture, so as to be immediately ovdk 
the middle of Fig. 47. The 
upper surface and end of Idiii^ 
piece will be drawn as in pre¬ 
vious cases; and the recess is ;}ozt 
to bo drawn, care being taken that it corresponds in width with 
the lino at F. Tho mortise will be easily drawn withont further 
explanation. 

The object formed by tho union of the pieces will be a cross, 
which will be the subject of a sabsequent study. 

Figs. 49 and 50 are t^o pieces of wood of the same thiokness 
as IVb. 47 and 48, and making together, induding the length 


sketched the general form of the oblong blook, rendering it os of the tenon, tho same l^igth oe the o&er two pieces. The 
if transparent, tho porepeotive representation of the octa{fon is tenon on Fig. 50 is flat, that on Fig. 49 is square, and has a 
to be dnwn in the figure representing tho square top of the space equal to one-third of its width cut away; the tenon on 
block in the manner e^eady shown in the preceding paragraphs ' Fig. 50 is exactly equd in width to this space, into whidi it 
of the present lesson. « J fits; and thus, in making np the length, only erne of the 
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tenons is WL«n, therefore, the tenon a is inserted ij Ik for the end of the one bar which is at riisht anrios to the 

into the 5 >» 0 Te b the whole piMe becomes the length of Figs, plane of the picture, and from the angles draw lines to point of 

sight, meeting the distant side of the slab in m, u, o j hnes 

! 4lV\aiaa 1_ 


47 and 41, and its purposes will be shown in a future lesson. 

The method of drawmg these two pieces is praomely the j joining these points will complete this bar. 
same as that already shown, and therefore no farther explana- " • - 


Draw the ihagoncl b c, which will out the lines j n and i m in 
p and q. 



.. "'o 


Fig. 51 shows the cross lying horizontally, and sorring as a Through p and q draw horizontal lines, which meeting a, c in 
stand for an upright. This oonstrnotion is used for a variety r, s, and hfini, u, will give the upper surface of the second 
of purposes that will rdadily suggest themselves. bar of the cross. From p draw a perpondio^r to meet the 

Now it is clear that a cross having four equal anus would line I o, and this will give the point through which the Une u w 
be contained in a square slab, and this knowledge shows ns the is to be drawn; the lines rv, f w. and u z will then complete 
most simple method for drawing tlie object. the view of the cross. 

Let a b d c be the front edge of snoh a slab, its length and Noy at the points of junction of the two bars raise perpen- 
fJiinltfMMM being those of the wood of which the cross is made. dioulars, and finish the npright, os in 50. 

Complete the view of the block, rendering it as if transparent. The shading of this object is exceedingly simple, and will be 
Now, in the iniddle of the rectangle ah dc draw the square readily understood on reference to the iUusttation. 
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NOTABLE INVENTIONS AND INVENTORS. 

XX—GLABS-HAKIira (cantinuO). 

BY JOHN TIMBS. 

A SQUARis solid pedestal of yellow-tiuged glass is preserved 
in the Masoum of Economio Geology, in Jermyn Street; 
it is surmoniited by a small lion, carved by the engraver’s 
mandril-tool, at tbe lathe, at great labour and cost. This was 
probably made from English glass, re-fasod in China with an 
increased quality of lead. BmoU coloured vases, figures, and 
almost every description of ornament scnlpturod in stone, have 
been imitated in opaqne glass by the Chinese. Yet they 
neglect the mannfacturo of nsefnl articles of glass, and ro-tnolt 
broken gloss from Europe for sneh articles as they require. 
The Emperor has a royal glass manufacture in Pekin, thongh it 
is cacried on as mnoh for amusement as fur utility. 

Glass engraving in its modem acceptation—viz., roughed and 
iwlishcd in intaglio—was, probably, unknown to the Bomans 
and their predecessors. The art of cutting glass in relief was, 
however, known to them at a very remote period; for which 
purpose, as wo loam from Pliny, the diamond was used.* 

Pictures were formed by the ancients laying together fibres 
of gloss of various oolours, fitted to each other so exactly, that 
a Bootiun across the fibres represented the object to be painted; 
and was then oemonted by fusion into a homogeneous, solid 
mass. In some specimens discovered in the middle of the lost 
contuiy the pieces hod boon so accurately united byjntcnse 
heat, that not even by moans of a powerful magnifying glass 
could the junctures bo disaove.red. One small fragment, in the 
British Museum, tixhibits an arabesque border of various 
colours, the outlines of which are woU divided and sharp, and 
the colours pure and vivid; whilst a brilliant effect has been ob¬ 
tained in another piece by artist employing in contrast opaque 
and transparent glasses. Tbe pictures appear to bo continued 
throughout the whole thickness of the spooimon, as the roversos 
correspond in the minatost points to the face; so that wore the 
glass to be out transversely, the some arabesque border would 
be found exhibited on every section. It is conjectured that 
this curious process was the first attempt of the ancients to 
preserve colours by fusing them into the internal parts of tlio 
glass. In the British Mnsonm arc many of these iiitorosting 
cariosities of gloss mosaic work, some of perfectly white clear 
glass, in loaves or flowers, on a dark-groon ground ; most of 
the pieces are small, and the patterns very minute. There are 
also numbers of fragments of white enamel npon blue, and 
white upon amethyst grounds, well executed in relief; pro- 
bably the work of eminent Boman or Greek artists resident in 
Borne. 

In the British Museum there arc a few largo cinerary urns of 
green glass, which are fine specimens of tho ancient art of glass- 
blowing. Tbe round vases are of elegant form, with oovors and 
two doable handles, showing Giat the ancients were well ac¬ 
quainted with the art of making round glass vessels. Tim most 
celebrated ancient glass vase is that which was for moro than 
two oonturies the principal ornament of the Barborini palace, 
and which is now known os the Portland vase. It was found 
about 1560, in a saroophagns under tho Monto del Grario, two 
miles and a half from liomo, on the rood to Frascati. It was 
deposited in tho palace of the ^arborini family until 1770, when 
it was pnrohased by Byres, tho antiquary, and sold bj him to 

* To Dr. WollaBtuu are wo indebted for this explanation of Jioia flic 
diamond cals jIom. Ho oscertiiinod that the parts of the slass to 
which tho diamond is applied are forcod asunder, as by a weilxc, tn a 
most minute distauco without being removed, so that a siiper&ciol, 
ooutlnnouB crack is made from ono ond of tho intended out to tho 
other, After this, any small force applied to one extremity iSBiifllciciit 
to extend this crack through oil tho whole snhstnnce, ond acreas the 
glass; for since the strain at each instant in tho progn-sa of tho 
cmek is confined nearly to a mailiemntirnl point at tho bottom of Hie 
figure, tbe effort necossnry for carrying it through is proportionally 
KuinlL Dr. Wollaston found by trial that tho cut caused by the 
more passage of the diamond need not penetrate so much ns the two- 
hundrodth part of an inch. He fnmiit also that other mineral bodies 
recently ground Into tho same form, sru also etpable of cuttiug glass, 
but they cannot long retain that power, from wont of the requisite 
hardness. 

Coke posssBBCB one of the remarkable properties of tho diaihond— 
that of cutting glass so clean and perfiwt as to exhibit the most bean- 
tUul prismatie colour, oooordingto the petfoctiou of the inciaion. 


Sir William Hamilton, of whom it waa bought,, fat gnxBMK, 

by tho Duchess of Porthutd, at the sale o£ w hoM iHopestgr it 
was bonght in by tbe family for Tba Taee ia 9} mefaes 

high and Tj- inches in diameter, and has two handles. It is of . 
glass : yet Breval considered it chalcedony; Bartoli, sardonyx; 
Count Tetzi, amethyst; and De la Chansse, agate. It is orna¬ 
mented with white opaqne figures upon a dark-blue semi-trans¬ 
parent ground; the whole having boon originally ooverod with 
white enamel, out of which the figures have been out, like a 
oameo. The glass foot ia distinct, and is thought to have been 
cemented on after bones or ashes hod been plaoed in the vase. 
The seven figures, each five inches high, are said by some to illns- 
trato tho fable of Thoddous and Theseus ; by Boitoli, Proserpine 
and Pluto; by Winckohnann, tho nnptiok of Thetis and Pelens; 
Darwin, an allegory of Life and Immortality; others, Orpbons 
and Enrydice; Fosbroko, a marriage, death, and second mar¬ 
riage ; Tetzi, the birth of Alexander Severus, whoso oinorary 
um tho vaso ia thought to be; while Mr. Windus, F.8.A., in a 
work published 1845, eonsiders the scene as a lovo-sick lady 
consulting Galen. The vase was engraved by Cipriani and Bor- 
tolozzi in 1786 : copies of it wore oxecutod by Wedgwood, and 
sold at fifty gninoas each, the model for which cost 500 guineas; 
there is a copy in the British and Mediioval Boom. 

Tho Portland vaso, February 7, 1846, was wantonly dashed 
to pieces with a stone; but the pieces being gathered up, the 
vase has been restored by Mr. Donblcday so bountifully, that a 
blemish can scarcely bo detected. A drawing of the fractured 
pieces is preserved. 

This beaiitiful work of art affords satisfactory proof that tho 
manufacture of gloss was carried to a state of high perfection 
by tho ancients. Sir Joseph Banks and Sir Joshua Boynolds 
boro testimony to tho admirable execution of Wedgwood’s copiee 
of tho vase, which were chased by a steel rifle after tlic bos- 
reUof had boon wholly or partially fired. 

Venice, during a long period, excelled all Europe in tho fine¬ 
ness of its glass. In tho thirteenth century the proeosses of 
tho Phoonicians seem to h,ave been learnt by tbe Crusaders, and 
transforrod to Venice and tlie neighbouring island of Mnrano, 
whore they were long held secret, and formed a lucrative oom- 
mernial monopoly. The old Venetian blown glass was light, 
bright, vitroous in appearance, stoinod with the richest possible 
colours. Borne of llic particular secrets of this manufacture 
have boon handed down from father to son, and so carefully 
treasured up, that at this very day, quite as much as in tho ago 
of Marco Polo, Vonioo possesses tho absolute monopoly of the 
art; and lineal descendants of the old Venetian glass manufac- 
turors still inhabit the island of Mnrano. 

The revival of the ancient art of glass-blowing is dne to Dr. 
Bolviati, whose imitations of the old Venetian ao£iali and exeen- 
tion of new designs are moat suoeosaful. Tho soffiati, or blown 
glass, produced by Dr. Salviati, equal, and even surpass, tho 
old in lightness, brilliancy, colour, and design. The glass-blowers 
of Murano are now able to produce nearly all the .famous kinds 
of ware so peculiar to Venetian glass. 

First, and most characteristic, of the Venetian varieties is the 
Lalicinio or filigree glass, with colonrod threads, generally in • 
opaqne milk-white; hence the name Lalicinio. In some speci¬ 
mens tho tlireods form laeework glass, or Vitro di Trino. Tho 
reiiccllo is produced by a kind of network, consisting of small 
babbles of air inclosed within the mass, and arranged in arogular 
scries, crossing and interlacing each other. Tbe filigree glass 
is produced by using rods which contain threads of white or 
coloured enamel in a body of clear glass. Tlio millejiore consists 
of a mass of clear white crystal, inside of which and embodied 
in it are representations in coloured glass of ooral fioworSi’anck 
is formed by laying together fibres of glass of various colours. 
Winokolmann describes a similar art of the ancients. The rilorto, 
or twisted patterns, or many colonrod glass rods, are fusod 
together with clear glass. BchmeUte is a semi-opaque gloss, of 
a richly variegated brown, green, or bine; and Jvanturine, 
with metallic filings of levigated leaf gold suspended in it, is 
said to have had its ori^n in a workman having aocidentally let 
fall some brass filings into a omciblo of melted glass, whence 
both the process and tbe term. 

T’ho celebrated frosted* or " oraekle ” glass of tho Venetians 
was long considered a lost art; it is mode by suddenly plunging 
the hot glass into cold water, and in this manner fractures are 
produced of a orystsUine character. The glass is then re-heated 
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at thfl fomMOi and the heated hall ie afterwards expanded 
blowing* Althoogh frosted glass appears covered with fractures, 
it is p^eetly sonorons. 

The Venetians, besides disoovoring the art of rendering glass 
colonrlesB by means of manganese, also enjoyed the monopoly 
of mirrors, the silvering of which was a secret long kept from 
other countries; but foreign competitors now produce larger 
plates. 

Venioo still possesses the absolute monopoly of tho art of 
bead-making; and great impetus has boon given to tho bead 
trade by the prevailing fashion of black beads, for which there 
is a great demand; as also for glass bugles, of which vast 
quantities are sold for tho African and other foreign moikots. 
The mannfaoturo is divided into common glass beads and enamel 
beads. Tho furnaces are built of firo-clay. Tlic materials are 
vitrified in pots, tlie principal ingredients for glass beads being 
Nola sand, Catania soda, natron, antimony, arsenic, manganese, 
minium, nitre, etc. The materials for enamel beads are almost 
every product of tho mineral kingdom; gold and silver being 1 
used in considerable quantitips. Tlio Venetians are still in | 
possosskin of tho best enamel proeesBOs—tho inlaid or mar- 
quotcrio mosaics produced by all tho enamel pieces perfectly 
united, generally used for ear-rings, bracelets, etc. Tho Floren¬ 
tine mosaics are made up of Aoncs; tho Itoman of thin pieces 
•f enamel; and Die monumental or Hyzantine is most fitted 
for architectural deconatious. in England, fine Hitccimens of 
modern Venetian mosaics may bo seen at tho South Kensington 
Musonm, and St. Paul’s Cathodial, London. 'Ibo vaulted roof 
of the Wolsoy Chapel, at Windsor, represents tho kings and 
queens of England in mosaic, and Dr. Salviati is exoonting 
mosaics for tlic national momorial to tho late Prinoo Consort, 
now in tho course of erection in Hyde Park. Enamels arc much 
more permanent than any other substunoe that has been used 
in the compo.sition of mosaic, whether stone, marble, or clay, 
on account of their loss ]>orons and loss dilutable body. 

Gold and silver onamels are now used with improved offeet in 
monumental mosaius, in whkdi the gold or silver is attached to 
tho glass by tho action of fire, and the throe layers being fired 
together, form a homogeneous body, which serves to protect tho 
metal for over against all injury, either by atmosphorlo action, 
dust, gas, smoke, or insects, «o as not to lose any of its bril¬ 
liancy or colour, even after many centuries of exposure. 

The manufacture of glass was probably introduced into 
Piuneo at the same date as into Germany. Both countries 
derived their knowledge of it from tho Itomans; or, probably, 
from their commercial interoourso with tho East, impntvod l>y 
tho Romans, and still furtticr odvancud in quality luid ortistiu 
ornamentation, adopted from tho Venetians, l^ator, France 
Bought to increase the supply of her own demands. Her govern¬ 
ment early dooroed that none but gentlemen should engage in 
any of its branches; and late in tho seventeenth century the 
French glass-blower might be soon laying aside his cocked hat, 
dress-eoat, and sword, to i>roparo for his daily work. 
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BOIiUNa—PUDDLED BAB—FINIsniNO—PKOPEKTIBS OP IBON 

-GAIiVANIBED IRON—EFFECT OF TIN AND COPPEK— 

NAWDBAL AND ARTIFICIAL SALTS OP IIMJN—THBTB USES. 
Tub final steps in tho manufacture of malleable iron oonsist in 
rolling, for which purpose there ore required two scries of rolls, 
the mujjibin^ and tho/nishtni;. 

They consist of oylindors of hard iron working in pairs, tho 
grooves in tho upper corresponding exactly with those of the 
lowtSr, os shown in Fig. 17. Tho latter are turned by a crank 
connected with tho shaft a a, and tho upper series necess^ly 
revolve in the opposite direction at the some rato,_behig driven 
by the oog-wheels B, B. The space between the cylinders can bo 
slightly modified by turning the screws cc, which connect, 
through the boarcr-s, with tho upper rolls. The “ bloom,” or 
hammered ball, while yet hot, is held by a pair of tongs, and 
pressed by the first workman agaiBPt tho largest groove in 
the rolls, which, as they revolve, draw it in between iliem, toe 
Botfaoe of the grooves being slightly roughed by scoriugp like 
those of a file, so as to tske firm bold of toe iron. It tons 


becomes elongated, and takes Gio form of a rod. The second 
workman, on toe otoor side of too rolls, lays bold of it, as it 
pasms through, with another pair of tongs, and' haa^ it back 
again, and so on until too iron has passed through too whole 
sot of grooves, down to tho smallest. When it has gone under 
toe flat rolls it takes too form of a flattened bar of iron, and is 
known by too name of “ puddled bar.” 

The processes of hammering and squeezing, described in toe 
last article, and tho subsequent rolling, have still farther im¬ 
proved too quality of the iron, though again at too expense of 
quantity. Tho sample of iron which was described in detail in 
Article X., and contained at tho end of tho puddling 0"77i5 per 
cent, of carbon, and O’JCS per bent, of silicon, oontsined, after 
rolling, only 0'29C per cent, of toe former, and 0T20 per cent, 
of tho latter. I'ho hammer slag or mill scale which wmes off 
during these processes contains, however, a good deni of iron, 
and is of value in puddling, so tliat the metal is not ultimately 
lost. It consists, indeed, entirely of toe protoxide and sesqui- 
oxide, containing 70 to 7.1 per cent, of motoUie iron. 

Puddled bar is still capable of improvement; and for making 
too best doaori|itious of iron it is cut up into short lengths 
by means of massive shears driven by steam, made up into 
! piles or fagots, and then jmt into tlie rc-heating furnace, after 
which it is again rolled. This opemtion is repeated as often 
as may bo desired; tlie more the iron i.s worked in this way 
too better being the fibre. Tho piles arc sometimes made by 
laying too alternate pieces of iron orosswiBC, the intertwining 
of too fibro being supposed to be more complete when this if. 
done. At other times an inforior quality of iron is put in the 
middlo of the fagot, so that when rolled out again toe exterior 
of tlie bar shall be of superior strength to the interior ; this is 
not unfrequontly dono as a matter of economy in the manufac- 
turo of railway bars, as too principal wear and tear is upon the 
head of too rail, and there is no occasion to waste toe best iron 
upon those parts which arc sure to outlast toe upper surface. 

The rc-hoating furnace is constructed on the reverberatory 
principle, and coal is generally used as too fuel. Tho hearth 
upon which tho fag.'ds are laid is mode of sand, and alope.^ 
down towards tho flue, so that whatever iron posses into com¬ 
bination with tho silicon shall at once flow down to too tap- 
hole. The air is excluded ns for as pos.sihle, so as to proven! 
oxidation, and the iron is taken out immediately it has arrived 
at a welding heat. It is then in that sticky stage so peculiar 
to iron, which renders it so easy of manipulation, and on passing 
through the rollers the several pieces become perfectly united. 

Tho finishing rolls, which are now used, axe quite smooth, 
and too groovings in them are made to conform more and more 
to tho size and form which the iron is ultimately to as: ume, 
until the la.st pair of grooves will turn it out of the proeisc 
pattern required. In this way all tho different forms and sizes 
of merchant iron - bm, rod, sheet, rails of various patterns, 
T and angle iron, etc.—are produced. Tlie rate at which the 
rolls are driven varies very greatly according to too nature of 
too work in hand ; for ordinary purpose.s, sixty to eighty revolu¬ 
tions per minute will bo made, so that the iron has passed 
through tho whole scries of grooves, and oomes out finished 
before it has had time to cool. Tlio cylinders toemsolvos are 
supplied with a little stream of cold water, in order to prevent 
them from becoming overheated. ^ 

As illustrations of what diffe-jcnt kinds of work are dono by 
too rolling mills, wo may refer to “ slit rods,” which are used 
for nail-making and such-like punioscs. In tho slitting mill a 
thin bar of iron is at once cut into a number of very narrow 
slips, too one roller having deep and narrow grooves very close 
together, end the other itollars to correspond, made with sharp 
cutting edges. By way of contrast, lot ns now take too manu¬ 
facture of annoiir plates. They are sometimes made in toe 
forgo, but at other works they are rolled out. Instead of a strip, 
a quarter of an inch or loss in diameter, the rolls have now to 
turn out a plate, of iron perhaps twelve inches thick and some 
six feet wide, weighing many tons. Sueh plates have been 
turned out at the works of John Brown and Co. 

Sheffield, where tho annour for many of our iron-clad floating 
batteries has been made. The process employed is essentially 
what lias been already described, but tlio difflonlty of thc^ opera¬ 
tion ipercascs with the accumalation of mass, as it is difficult, 

I even with tho most powerful machinery, to bring sufficient 
{ force to bear to weld the component pieces perfectly together. 
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The worhmanBhip U, howover, ao good, that on the odgea being 
planed there are no indioations to the eye of any want of 
oohorenoe. 

The peonlior property of iion oaUod “welding” haa not, 
boweyor, yet received all the conaideration it deserves. It has 
been mentioned in the manufaotnro of the bettor qaalities of 
finished iron, and the making of all large pieoes of rolled iron is 
absolntely deiiandoiit upon it. Equally so is this the case ii^ 
making large forgings. Some of the largest armour plates have 
been forged with the steam-hammer, one of thirteen tone weight 
made in tills way having been on view at the International 
Exhibition of 1802. Those are built up of separate pieces of 
inm raised in the fornooe to a welding heat, and then ham¬ 
mered into one solid mass. This is an operation which cannot 
be accomplished with any other of the useful metals, and is 
principally due to the circumstance that iron (unlike all the 
rest), when heated, docs not pass suddenly into the molten 
etate, bnt after becoming red hot, at which stage it commences 
to soften sufficiently to yield to the hammer, can be raised to a 
much higher temporaturo and almost.to a white heat without 
melting. At this stage the presence of a little flux will remove 
any oxide that would otherwise form on the surface of the iron; 
and the metal itself being then in a pasty or sticky condition, 
the olean surfaces of any pieces coming in contact will readily 
adhere to one another, while by pressure or hammering they 
may be brought into absolute ooutaot throughout, their moss 
forming a single piece of solid iron. 

The shafts of marine engines and all other large pieoes of 
machinery which have to 
boar mnoh strain, must bo 
forged, not oast. That of the 
Qreal Eastern weighs some¬ 
thing more than thirty-one 
tons, made up of bars welded 
together under the steam- 
hammer. Cast iron, in cool¬ 
ing, takes an irregular crys¬ 
talline form, and the parts 
do not cohere with any groat 
tenacity, so that all the pro¬ 
ducts of the foundry are ootii- 
parativoly brittle. The finish¬ 
ing prouessos impart fibre to 
the by which its strength 

is very greatly increased. 

The difference in the structure of the iron is very different when 
broken, the one breaking off short and presenting a granular i 
appearance, whQo the other is more or less drawn nut into ! 
threads. This is one of tho best tests that can be applied, and ' 
it is therefore oonstanUy adopted. If tho iron is of the very 
finest quality, a thick round bar of it may be tied into a knot ’ 
when cold without breaking, whereas an inferior iron is certain to , 
give way. Hammering iron when cold is believed to have the ' 
opposite effect, and the sudden breaking of iron after having ; 
been subjeoted to a jarring or vibrating notion for a long time, . 
is considered by some to bo due to a molooular change in tho . 
partides of the iron. The brittleness of iron during extreme ' 
oold igoather is probablj' to be attributed rather to the unequal . 
oonstmotion of tho parts most exposed. ^ 

Iron suffers under one disadvantage more than almost any 
other metal—visi., tho tendency to rust. Whenever exiwsod to | 
the infinenco of a moist atmosphere, an oxidation of tho surface ' 
is sure to take place, and tho iron oommeuces to be oaten away. 
When once this ootion has set in it is difficult to arrest its pro¬ 
gress altogether, and therefore, wherever possible, tho ironwork 
should be coated with paint, or some other article impervious to . 
tho air, without delay. TIioho portions of maohinery which 
mnst neoeasarily bo kept bright ore best protected by being 
carefolly smearotl with grease. 

It bos been found, however, that siino has the property of j 
retarding the oxidation of iron, and this has led to a very {■ 
extensive manofaoture of what is called “ galvanised iron,” 
which has reoontiy been largely employed for roofing purposes. . 
The iron is rolled ont into thin sheets, and the surface is 
thoroughly cleaned by being exposed to the action of a weak . 
ooid and then washed, when it is said to be “ pickled,*' after i 
which it is immersed in a batii of molted sine to whioh some 
ammonia is added. On withdisswing the sheets ^ iron after ft, 



time from the bath, a thin layer zino will be found adherent 
to the entire surface, whioh has sc co^nbined with tho iron that 
it cannot be again removed. Iron wire rope for the rigging of 
ships, etc., chains, and other articles mnoh exposed to the i^a> 
ences of ^e weather, are very often coated with zino in the 
same way. 

Both tin and copper seem to exeroise an opposite effect. It 
will be familiar to most housewives how rapiffiy a tin plate will 
be covered with spots of rust wherever the coating of tin has 
been acoidontally removed and tho iron whioh forms tho foun¬ 
dation becomes exposed to the air. A further dosoription of 
tinned iron will be given when wo come to speak of tho reduo- 
tion and uses of tin, tho latter being the metal which imparts 
to these plates their principal value. Tho effect of copper upon 
iron, especially in the presence of sea-water, is so marked, tiiat 
copper sheathing uann^ be applied to on iron vessel, and oven 
in the highest classed wooden ships iron bolts ore not allowed 
to be used below tho level of tte coppering. Iron vessels, 
which are now becoming such groat favourites (especially in tho 
steam trade), have, therefore, to bo coated with some paint or 
varnish; but os yet no compound has been hit upon which 
satisfactorily fnlflls all the purposes desired. 

It seems hardly right to leave the subject of iron, which has 
now been traced from ite ores through all its varied stages 
up to the manufactured article, without referring tt* sundry 
ohemioal compounds of iron, both natural and ai'tifieial, which 
are of mnoh value ki tho arts. 

Sulphide of iron is a very common mineral, frequently called 

iron pyrites, which is prin¬ 
cipally wrought for the 
sake of the sulphur and not 
tlic iron ; and as to which 
it ivill therefore bo sufficient 
to refer tho reader to tho. 
articlei on the manufacture 
of sulphiirin acid (“ Che¬ 
mistry appTe.! to tho Arts,” 
No. XI.). 

Tho red and brown htema- 
titos (tho anliydrons and the 
hydrated sesquioxides of 
iron) have been incidentally 
mentioned os furnishing 
rouge and oohro rosiieo- 
tively. The latter is an 
article of some oommorcial importance. Chrome iron ore is 
also principally valuable as tho source of ohromic aoid, which 
enters IdJgoly into the composition of yellow paints and dyes. 
There are also varions ores of iron of whioh the other ingre¬ 
dients form tho most important feature, and whioh will have to 
be referred to when treating of the respective metals. 

The artificial compounds of iron are of considerable import¬ 
ance in the arts. Ilioro is tho sulphate, more generally known 
under the name of oopperas or green vitriol, which is made by 
dissolving iron filings in dilute sulphorio acid, and then evkpo- 
rating tho solution down until the salt crystallises ont; or os a* 
bye-product in the mannfooture of alum, whioh is the ordinary 
commoreial article. It is largely nsed in dyeing black and in 
making black ink, that colour being produced by the action of 
this salt upon any article containing tannic or ge^o add. 

Iron also enters into the composition of Frussiau bl^e (ferro- 
cyanide of iron), and into tho yellow and red pmssiates of 
potash, all of which are laTgoly*aBed by dyers. Acetate of iitm , 
is also employed for prodnoing a deep blaok colour witih 
madder. It is prepared by dissolving ci^l pieoes of irOn it 
warm ocotio acid. 

The use of iron in medicine is also fully recognised. Varions 
artificial combinations of it are in constant use in pharmacy, 
some two dozen different preparations of this metal appearing 
in the Fharmacopoaia; besides whioh, it is drank lu^ly in 
minend waters, all the ohalybeated and many of the other oelc 
brated springs of this oonntry and the Continent containing 
notable quantities of the salts of iron. 

We have reserved for the next article all Teferenoe to a very 
important modification ol'iron, steel being a subject of anffioient 
magnitude to be treated separately, and whioh has oharaoter- 
istics of its own whioh will oome out more clearly by being 
considered as a distinct subject. 



